BEST AVAILABLE COPY 

(12) INTERNATIONAL APPLICATION PUBLISHED UNDERTHE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
15 November 2001 (15.11.2001) 




PCT 



(10) International Publication Number 

WO 01/86698 A2 



(51) International Patent Classification 7 : H01L 

(21) International Application Number: PCT/US01/1541 1 

(22) International Filing Date: 10 May 2001 (10.05.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/203,538 



10 May 2000 (10.05.2000) US 



(71) Applicant: KLA-TENCOR, INC. [US/US]; 160 Rio 
Robles, San Jose, CA 95134-1809 (US). 

(72) Inventors: XU, Zhiwei; 450 N. Mathilda Ave., #D205, 
Sunnyvale, CA 94086 (US). SRIVATSA, Arun; 33251 
Falcon Drive, Fremont, CA 94555 (US). SAMSAVAR, 
Amin; 2447 Peachtree Lane, San Jose, CA 95128 (US). 



MILLER, Thomas, G.; 765 Palm Court, Sunnyvale, CA 
94086 (US). HORNER, Greg; 3717 Carlysle Ave., Santa 
Clara, CA 95051 (US). WE1NZ1ERL, Steven; 5304 
Manderston Dr., San Jose, CA 95 1 38 (US). 

(74) Agent: DELUCA, Mark, R.; Conley, Rose & Tayon, P.C., 
P.O. Box 398, Austin, TX 78767-0398 (US). 

(81) Designated State (national): JP. 

(84) Designated States (regional): European patent (AT, BE; 
CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE, TR). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: METHOD AND SYSTEM FOR DETECTING METAL CONTAMINATION ON A SEMICONDUCTOR WAFER 



3 ^ 




< 
oo 

\o 

00 



O 



(57) Abstract: A method to detect metal contamination on a semiconductor topography is provided. The semiconductor topography 
may include a semiconductor substrate or a dielectric material disposed upon a semiconductor substrate. The metal contamination 
may be driven into the semiconductor substrate by an annealing process. Alternatively, the annealing process may drive the metal 
contamination into the dielectric material. Subsequent to the annealing process, a charge may be deposited upon an upper surface 
of the semiconductor topography. An electrical property of the semiconductor topography may be measured. A characteristic of at 
least one type of metal contamination may be determined as a function of the electrical property of the semiconductor topography. 
The method may be used to determine a characteristic of one or more types of metal contamination on a portion of the semiconductor 
topography or the entire semiconductor topography. A system configured to detect metal contamination on a semiconductor topog- 
raphy is also provided. An oven may be incorporated into the system and may be used to anneal the semiconductor topography. The : 
system may also include a device that may be configured to deposit a charge on an upper surface of the semiconductor topography. 
A sensor may also be included in the system. The sensor may use a non-contact work function technique to measure an electrical 
property of the semiconductor topography. 
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TITLE: METHOD AND SYSTEM FOR DETECTING METAL 
CONTAMINATION ON A SEMICONDUCTOR WAFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to detecting metal contamination. Certain embodiments relate to 
determining metal contamination in a semiconductor substrate or a dielectric material by measuring electrical 
parameters of the semiconductor substrate or the dielectric material. 

2. Description of the Related Art 

Metal contamination on a semiconductor substrate may degrade the electrical properties of the 
semiconductor substrate. For example, metal contamination in the bulk semiconductor substrate may cause the bulk 
minority carrier lifetime to decrease because the metal contamination may assist in the recombination of electrons 
and holes in the semiconductor substrate. When metal contamination is present in a dielectric material formed upon 
the semiconductor substrate or on a surface of the semiconductor substrate, the metal contamination may cause the 
electrical properties of the dielectric material to degrade. As such, the electrical properties of the dielectric material 
and the semiconductor substrate may be measured to determine the amount of metal contamination. Metal 
contamination may have a significant impact on the performance and reliability of semiconductor devices. Metal 
contamination may be deposited on a semiconductor wafer during processing and manufacturing of semiconductor 
devices. In many cases, a portion or substantially all of the metal contamination may be deposited on the surface of 
the semiconductor substrate due to problems in processing or improper handling of the semiconductor substrates. 

The metal contamination may currently be measured by physical analysis of a dielectric material or a 
semiconductor substrate. Examples of physical analysis techniques include, but are not limited to, secondary ion 
mass spectroscopy (SIMS), total reflection x-ray fluorescence (TXRF), and vapor phase decomposition inductively 
coupled plasma mass spectroscopy (VPD-ICPMS). The disadvantage to using one of these physical analysis 
techniques to determine the metal contamination is that these measurement techniques generally take a very long 
time. As such, the throughput or the number of wafers which may be processed in a given period of time may be 
relatively low compared to the number of wafers which may need to be examined during a manufacturing process. 
In addition, SIMS and VPD-ICPMS are destructive techniques which generally require removal of a portion of the 
dielectric material or semiconductor substrate during the measurement process. 

The metal contamination may also currently be measured using device-based electrical characterization. 
These testing techniques may provide a measurement of the metal contamination that is very similar to metal 
contamination found on manufactured semiconductor devices. This type of testing, however, requires forming 
semiconductor devices on the dielectric material or on the semiconductor substrate. As such, device-based electrical 
characterization may be expensive and time comuming. In addition, analyzing the data also becomes complicated 
due to the number of processing steps that may be performed in order to form the semiconductor devices on the 
dielectric material or on the semiconductor substrate. 

The metal contamination, however, may also be determined by using a non-contact work function and a 
surface photo-voltage measurement technique. This testing technique may include biasing the wafer using a corona 
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charge deposited by a corona charge deposition system. The testing technique may also include measuring the 
surface voltage by using a work function sensor. Additionally, the band bending of the semiconductor substrate may 
also be measured using a surface photo-voltage sensor. As such, the surface voltage and the band bending of the 
semiconductor substrate may be functions of the electrical bias, which may be generated by the charge deposited by 
5 using a corona charging device. Examples of non-contact corona charging devices are illustrated in U.S. Patent 
Nos. 4,599,558 to Castellano et al., 5,594,247 to Verkuil et al., and 5,644,223 to Verkuil, which are incorporated by 
reference as if fully set forth herein. Examples of work function sensors and surface photo-voltage sensors are 
illustrated in U.S. Patent Nos. 4,812,756 to Curtis et al., 5,485,091 to Verkuil, 5,650,731 to Fung, and 5,767,693 to 
Verkuil, which are incorporated by reference as if fully set forth herein. Examples of using work function sensors 

10 and surface photo- voltage sensors to measure the electrical properties of dielectric materials are illustrated in U.S. 
Patent Nos. 6,202,029 to Verkuil et al. and 6,191,605 to Miller et al., which are incorporated by reference as if fully 
set forth herein. Additional examples of systems and devices which may be used to determine the metal 
contamination in a semiconductor substrate includes "A New Approach for Measuring Oxide Thickness", Miller, 
Semiconductor International, July 1995, and is incorporated by reference as if fully set forth herein. 

15 Accordingly, it would be advantageous to develop a nondestructive testing method to rapidly and 

accurately measure the metal contamination on a semiconductor topography without sacrificing product wafers and 
without forming semiconductor devices on the semiconductor topography. 

SUMMARY OF THE INVENTION 

20 In an embodiment, metal contamination in a dielectric material disposed upon a semiconductor substrate 

may be detected by annealing the semiconductor substrate such that a portion of the metal contamination is driven 
into the dielectric material. In some embodiments, the annealing process may be effective to drive only one type of 
metal contamination into the dielectric material. The annealing process, however, may also be effective to drive at 
least two types of metal contamination into the dielectric material. After the semiconductor substrate is annealed, an 

25 electrical property of the dielectric material may be measured. The electrical property may include a surface 
voltage, a flatband voltage, an interface trap density, a total dielectric charge of the charged dielectric material, or a 
determined resistivity of the dielectric material. The measured electrical property may be used to determine a 
characteristic of the metal contaminant. Characteristics may include detenriining the presence of metal 
contaminants, the identity of the metal contaminant, and the concentration of the metal contaminants, or all of the 

30 above. 

In one embodiment, a charge may be deposited on an upper surface of the dielectric material to facilitate 
measurement of the electrical property. The charge may be deposited using, e.g., a corona charging technique. The 
deposited charge may be effective to cause a tunneling condition of the dielectric material. After the charge is 
deposited on the dielectric material, the tunneling voltage of the dielectric material may be measured. The 
35 tunneling voltage may be used to determine a tunneling field of the dielectric material. The tunneling voltage and/or 
the tunneling field may be used to determine the presence of metal contamination in the dielectric material. 

The characteristic of the metal contamination in the dielectric material may be determined as a function of 
the measured electrical property (e.g., tunneling voltage or the tunneling field). Determining the characteristic of the 
metal contamination in the dielectric material may include determining a characteristic of one type of metal 
40 contarnination or characteristics of at least two types of metal contamination. Alternatively, the surface voltage may 
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be measured as a function of time. In this manner, a resistivity of the dielectric material may also be determined. 

. In a further embodiment, a method for detecting metal contamination in a semiconductor substrate is 
provided. The semiconductor substrate may have a dielectric material formed thereon. The method may include 
annealing the semiconductor substrate such that the annealing process is effective to drive only one type of metal 
5 contamination into the semiconductor substrate. The annealing process may also be effective to drive more than one 
type of metal contamination into the semiconductor substrate. A charge may be deposited on the semiconductor 
substrate, and a surface voltage of the semiconductor substrate may be measured by using a non-contact work 
function measurement technique. In addition, a pulse of light may be directed toward the semiconductor substrate. 
In this manner, a surface photo-voltage may also be measured. The surface photo-voltage may be measured as a 

10 function of time. A bulk minority carrier lifetime may be determined by using the measured surface photo-voltage 
of the semiconductor substrate. The surface photo-voltage may also be used to determine a characteristic of the 
metal contamination in the semiconductor substrate. The characteristic of the metal contamination in the 
semiconductor substrate may be a function of the measured surface photo-voltage or of the determined bulk minority 
carrier lifetime. The characteristic may be determined for only one, or more than one type of metal contamination. 

15 In an additional embodiment, a system may be configured to measure a characteristic of metal 

contamination in a semiconductor topography. The semiconductor topography may include a semiconductor 
substrate or a dielectric material formed upon an upper surface of a semiconductor substrate. The system may 
include an oven that may be used to anneal the semiconductor topography. The oven may be configured to heat the 
semiconductor topography such that only one type of metal contamination may be driven into the semiconductor 

20 topography. The oven may also be configured to heat the semiconductor topography such that more than one type 
of metal contamination may be driven into the semiconductor topography. The system may also include a device 
that may be used to deposit a charge on an upper surface of the semiconductor topography. The device may include 
a non-contact corona charging device. The device may be configured to deposit a charge on predetermined regions 
of the semiconductor topography or on randomly determined regions of the semiconductor topography. The device 

25 may also be configured to deposit a charge on a portion of the semiconductor topography or on substantially the 
entire semiconductor topography. The system may further include a sensor that may be used to measure at least one 
electrical property of the charged upper surface of the semiconductor topography. The electrical property may 
include a tunneling voltage or a tunneling field, a surface voltage, a flatband voltage, an interface trap density, or a 
total dielectric charge of the charged dielectric material. The sensor may include a non-contact work function sensor 

30 and a surface photo- voltage measurement device. Furthermore, the system may also include an illumination system, 
which may be used to direct a pulse of light toward the semiconductor substrate. As such, the illumination system 
may be used to direct the light toward the semiconductor substrate subsequent to depositing the charge. The sensor 
may be used to determine a surface photo- voltage of the semiconductor topography. The system may also include 
an operating system that may be used to determine a characteristic of the metal contamination in the semiconductor 

35 substrate. The characteristic may be determined as a function of any of the measured electrical properties described 
above. 

In an embodiment, a method for fabricating a semiconductor device on a semiconductor substrate may also 
be provided. The semiconductor topography may include a semiconductor substrate or a dielectric material 
disposed upon the semiconductor substrate. The method may include annealing the~semiconductor topo^aphy 
40 which may be effective to drive at least one type of metal contamination into the semiconductor substrate or the 
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dielectric material. An electrical property of the semiconductor substrate or the dielectric material may be 
measured. Measuring the electrical property may include depositing a charge on an upper surface of the dielectric 
material or the semiconductor substrate. The electrical property may be measured using a non-contact work 
function technique or a non-contact surface photo- voltage measurement technique. The method may further include 
5 determining a characteristic of the metal contamination in the semiconductor topography. The characteristic of the 
semiconductor topography may be a function of the measured electrical property of the dielectric material or the 
semiconductor substrate. The method may also include comparing the determined characteristic of the metal 
contamination to a range of acceptable characteristics of the metal contamination. The range of acceptable 
characteristics of the metal contamination may include levels of the metal contamination that may not substantially 
10 hinder the performance of a semiconductor device. As such, if the determined characteristic is within the range of 
acceptable characteristics of the metal contamination, the method may include forming a semiconductor device on 
the semiconductor topography. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Other objects and advantages of the invention will become apparent upon reading the following detailed 

description and upon reference to the accompanying drawings in which: 

Fig. 1 depicts a flow chart illustrating a method to detect metal contamination in a dielectric material 
disposed upon a semiconductor substrate that includes measuring a tunneling voltage of the dielectric material; 

Fig. 2 depicts a flow chart illustrating a method to detect metal contamination in a dielectric material 
20 disposed upon a semiconductor substrate that includes measuring an electrical property of the dielectric material; 

Fig. 3 depicts a flow chart illustrating a method to detect metal contamination in a semiconductor substrate; 

Fig. 4 depicts a plan view of a system configured to measure a characteristic of metal contamination in a 
semiconductor topography; 

Fig. 5 depicts a flow chart illustrating a method to fabricate a semiconductor device that may include 
25 forming the semiconductor device on a semiconductor topography if a characteristic of the metal contamination is 
within a range of acceptable characteristics of the metal contamination; 

Fig. 6 depicts a plot of the tunneling field of the dielectric material versus annealing temperature; 

Fig. 7 depicts a plot of the tunneling field of a dielectric material versus levels of metal contamination in the 
dielectric material; 

30 Fig. 8 depicts a plot of the tunneling field of a dielectric material versus the period of time between 

depositing a charge on an upper surface of the dielectric material and measuring the tunneling voltage of the 
dielectric material; 

Fig. 9 depicts a plot of the tunneling field of a dielectric material versus the number of electrical stress 
cycles performed on the dielectric material; 
35 Fig. 10 depicts a plot of tunneling field data versus measurement position on the dielectric material that 

illustrates the differences between measured data before and after background subtraction; 

Fig. 1 1 depicts a plot of the tunneling field of a dielectric material which was intentionally contaminated 
with copper at five positions on the semiconductor substrate versus the position on the semiconductor substrate at 
which the measurement was taken; and - ~" * 

40 Fig. 12 depicts a plot of bulk minority carrier lifetime of a semiconductor substrate, which was intentionally 
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contaminated with copper at five positions on the semiconductor substrate versus the position on the semiconductor 
substrate at which the measurement was taken. 

While the invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof are shown by way of example in the drawings and will herein be described in detail. It should be 
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to the 
particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and alternatives 
falling within the spirit and scope of the present invention as defined by the appended claims. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Turning now to the drawings, Fig. 1 illustrates an embodiment of a method for detecting metal 
contamination in a dielectric material disposed upon a semiconductor substrate. Metal contamination that may be 
detected using this method may include copper, iron, chromium, cobalt, and duminum. The method may include 
annealing the semiconductor substrate as shown in step 10. As shown in step 18, the method may also include 
measuring a tunneling voltage of the dielectric material. In addition, the method may include determining a 
characteristic of the metal contamination in the dielectric material as shown in step 24. Characteristics may include 
determining the presence of metal contaminants, the identity of the metal contaminant, the concentration of the metal 
contaminants, or all of the above. A characteristic of the metal contamination may be a function of the measured 
tunneling voltage. The characteristic of the metal contamination may also be a function of a temperature at which 
the semiconductor substrate may be annealed. Additionally, the metal contamination may include, only one type of 
metal contamination or may include more than one type of metal contamination. Furthermore, the metal 
contamination may include metal contamination in a portion of the dielectric material. For example, the portion of 
the dielectric material may include a locally contaminated region of the dielectric material. 

The semiconductor substrate may be silicon, and is doped either n-type (for producing a p-channel 
transistor) or p-type (for an n-channel transistor). More specifically, the substrate may be an epitaxial silicon layer 
grown on a monocrystalline silicon substrate, or an n-type or p-type well region formed in a monocrystalline silicon 
substrate. Appropriate semiconductor substrates may also include silicon germanium and gallium arsenide. The 
dielectric material may be silicon dioxide deposited by CVD. In particular, decomposition of tetraethyl orthosilicate 
(TEOS) may be performed in a plasma-enhanced CVD (PECVD) reactor at a substrate temperature in the range 
from about 200 °C to about 500 °C to produce a very conformal dielectric film. Other techniques that may be used 
to form a silicon dioxide dielectric material include PECVD using a silane source, and atmospheric-pressure CVD 
(APCVD) and low-pressure CVD (LPCVD) using silane or TEOS sources. Additional dielectric materials may also 
include, but are not limited to, silicon nitride, silicon oxynitride, and various high-k and low-k materials, where k is 
the dielectric constant of the material. Typically, k is less than about 3.8 for low-k materials and greater than about 
4.5 for high-k materials. 

Annealing the semiconductor substrate as shown in step 10 may be effective to drive the metal 
contamination into the dielectric material. The metal contamination may be disposed on an upper surface of the 
dielectric material prior to the annealing process. In some embodiments, more than one metal contaminant may be 
disposed upon the upper surface of the dielectric material. The semiconductor substrate may be heated to a 
temperature during the annealing process such that only one type of metal contamination is driven into the dielectric : 
material. The other metal contaminants will substantially remain on the upper surface. Alternatively, during the 

5 
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annealing process the semiconductor substrate may be heated to a temperature to drive more than one type of metal 
contamination into the dielectric material. 

The annealing process may be performed under ambient conditions or other conditions, such as a N 2 rich 
environment. As such the annealing process may cause degradation of the dielectric material. The annealing 
5 process may be performed, however, such that the annealed dielectric material is substantially free of damage. In 
this manner, the extent to which the metal contamination may be driven into the dielectric material by the annealing 
process may be limited by an acceptable amount of degradation in the dielectric material which may be caused by 
the annealing process. 

During the annealing process, the semiconductor substrate may be heated to a temperature of less than 
10 approximately 1100 °C. The temperature of the annealing process may also depend on the type of metal 
contamination that is being detected. For example, the semiconductor substrate may be heated to a temperature of 
approximately 350 °C to approximately 500 °C if the metal contamination being driven into the semiconductor 
substrate includes copper. 

The period of time for which the semiconductor substrate may be annealed, however, may also depend on 

15 the metal contamination, which is being driven into the dielectric material. In one example, if the metal 
contamination includes copper, then the semiconductor substrate may be heated for approximately one minute to 
approximately thirty minutes during an annealing process. In most embodiments, the semiconductor substrate may 
be annealed for less than approximately one hour. 

In an embodiment, a charge may be deposited on an upper surface of the dielectric material. The deposited 

20 charge drives the dielectric material to approximately a tunneling condition of the dielectric material as shown in 
step 12. For positive tunneling field, the deposited charge may be approximately lxl0" 6 C/cm 2 to approximately 
IxlO^C/cm 2 , and may be equal to approximately SxlO^C/cm 2 for a wafer with a low level of surface charge. For 
negative tunneling field, the deposited charge may be approximately -lxlO^C/cm 2 to approximately -IxlO^C/cm 2 , 
and may be equal to approximately -8xl0' 6 C/cm 2 for a wafer with a low level of surface charge. In one 

25 embodiment, the charge may be deposited by using a non-contact corona charging technique. A non-contact corona 
charging device may include any type of device that may deposit a charge on the surface of the semiconductor 
substrate. The corona charging device may also be used to deposit a charge on specific portions of the 
semiconductor substrate. For example, the charge may be deposited on predetermined regions of the upper surface 
of the dielectric material or on randomly determined regions of the upper surface of the dielectric material. The 

30 charge may also be deposited on a portion of the upper surface of the dielectric material or on substantially the 
entire upper surface of the dielectric material. 

As shown in step 16, the method may include waiting a period of time between depositing a charge 'on an 
upper surface of the dielectric material and measuring the tunneling voltage of the dielectric material. Small 
amounts of metal contamination may only shift the leakage current of the dielectric material in the low leakage 

35 current portion. Therefore, the waiting time may be optimized to increase the sensitivity of measuring small amounts 
of metal contamination. The waiting time may be larger or smaller depending on the metal contamination that is 
being measured. For example, if the metal contamination includes copper, then the period of time may include a 
waiting time of approximately zero minutes to approximately thirty minutes. 

As shown in step 18, a tunneling voltage of the dielectric material may be measured by using a non-contact 

40 work function measurement technique. The tunneling voltage may be used to determine a characteristic of the metal 
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contamination in the dielectric material as shown in step 22. The tunneling voltage may also be used to determine a 
tunneling field of the dielectric material as shown in step 20. A tunneling field may be the electric field strength in 
the dielectric material at which a deposition rate of the charge may be balanced by charge leakage through the 
dielectric material. As such, the tunneling field may be the maximum electric field which may be sustained by the 
corona charging source. The tunneling field may depend on several parameters of the instruments, which may be 
used to measure the tunneling voltage. For example, a tunneling field of a dielectric material may be affected by 
characteristics of the corona charging device such as an amount or uniformity of the deposited charge. For a set of 
instrument parameters, the tunneling field may be used as a measure of the quality of the dielectric material. The 
tunneling field may also be affected by the period of time between depositing a charge on an upper surface of the 
dielectric material. Therefore, the sensitivity of the tunneling field of the dielectric material may be increased by 
optimizing the parameters of the instruments, which may be used to measure the tunneling voltage. The tunneling 
field may also be used to determine a characteristic of the metal contamination in the dielectric material as shown in 
step 22. As such, the characteristic may also be a function of parameters of instruments which may be used to 
measure the tunneling voltage and which may have an effect on the measured tunneling voltage including an amount 
of the deposited charge. 

After measuring a tunneling voltage of the dielectric material, the method may be repeated to determine a 
characteristic of a different type of metal contamination. For example, the semiconductor substrate may be annealed 
a second time using a different annealing process subsequent to measuring the tunneling voltage. As such,- a second 
type of metal contamination may be driven into the dielectric material in the second annealing process. A charge 
may be deposited upon the dielectric material and a tunneling voltage of the dielectric material may be measured. A 
characteristic of the second type of metal contamination may be determined from the tunneling voltage. In this 
manner, a characteristic of each type of metal contamination in the dielectric material may be individually 
determined. 

In an embodiment, the tunneling voltage of the dielectric material may also be compared to a tunneling 
voltage of a reference dielectric material as shown in step 24. Alternatively, a tunneling field of the dielectric 
material may be compared to a tunneling field of a reference dielectric material in step 24. The reference dielectric 
material may have substantially the same thickness and substantially the same composition, or quality, as the 
dielectric material which is being measured. The reference dielectric material may also be substantially free of 
metal contamination. Alternatively, the reference dielectric material may have a predetermined level of one or more 
types of metal contamination. The metal contamination in the reference dielectric material may also be 
predetermined or known. In this manner, comparison of a tunneling voltage of the dielectric material to a tunneling 
voltage of a reference dielectric material may be used to determine if at least one type of metal contamination is 
present in the dielectric material as shown in step 26. Comparing the tunneling field of the dielectric material to a 
tunneling .field of a reference dielectric material may also be used to determine if at least one type of metal 
contamination is present in the dielectric material. 

In an embodiment, a tunneling field of a reference dielectric material may also be used to alter a baseline of 
the tunneling field of the dielectric material. Leakage in the dielectric material may cause the baseline of the 
tunneling field to drift. In addition, variations in a period of time that may elapse between depositing the charge and 
measuring the tunneling voltage at different positions on the dielectric material may also* cause the baseline of the 
tunneling field to drift For example, the tunneling field of a reference dielectric material may be subtracted from a 

7 



WO 01/86698 



PCT/US01/15411 



tunneling field of the dielectric material. The reference dielectric material may have a similar thickness and original, 
or pre-processing, quality as the dielectric material being measured. In addition, the reference dielectric material 
may be substantially free of metal contamination. The leakage of the dielectric material may also be determined by 
measuring a charge decay at a predetermined position on the dielectric material. In this manner, correcting the 
5 baseline may include using the measured leakage to determine the tunneling field of the dielectric material. 

In an additional embodiment, the tunneling voltage may be measured at various positions on the dielectric 
material in order to determine the metal contamination in a region of the semiconductor substrate. Variations in the 
time that may elapse between depositing the charge and measuring the tunneling voltage at the various positions may 
also be minimized in order to alter a baseline of the tunneling field data. In an embodiment, a charge may be 

10 deposited on a portion of the dielectric material subsequent to annealing the semiconductor substrate. The tunneling 
voltage for this portion of the dielectric material may be measured. This procedure may be repeated for additional 
portions of the dielectric material such that a tunneling voltage for substantially the entire dielectric material may be 
measured. As such, the time that may elapse between depositing the charge and measuring a tunneling voltage at the 
various positions may be ininimized. Furthermore, the semiconductor substrate may be moved under the corona 

15 charging device and under the work function sensor by using a movable chuck. As such, variations in the time that 
may elapse between depositing the charge and measuring a tunneling voltage may be minimized by matching the 
time required to deposit the charge and the time required to measure the tunneling voltage. 

In an embodiment, an electrical property of the dielectric material such as a tunneling voltage may be 
measured at more than one position on the semiconductor substrate. As such, an additional electrical property such 

20 as a tunneling field of the dielectric material may also be determined at each measurement position on the 
semiconductor substrate. Furthermore, a characteristic of at least one type of metal contamination may also be 
determined at each measurement position. In this manner, a plot of the measured electrical property data, the 
determined electrical property data, or the determined characteristic of the metal contamination in the dielectric 
material as a function of measurement position may be generated. A plot of the data as a function of the 

25 measurement position may be used to determine variations in the data across the dielectric material. Therefore, 
variations in the plotted data may indicate a presence of metal contamination in locally contaminated regions of the 
dielectric material. 

In an embodiment, the generated plot of the data as a function of measurement position may also be 
compared to a predetermined plot of data for a reference dielectric material. The predetermined plot of data may 

30 include predetermined electrical property data or predetermined characteristic data of the metal contamination in the 
dielectric material as a function of measurement position. The reference dielectric material may be substantially free 
, of metal contamination. As such, comparing the plot of the measured data to a plot of predetermined data may 
indicate a presence or an extent of the metal contamination in a dielectric material. In a further embodiment, the 
predetermined plot of data as a function of measurement position may be representative of a range of acceptable 

35 levels of at least one type of metal contamination. Acceptable levels of the metal contamination may include levels 
of metal contamination that may not substantially hinder the performance of a semiconductor device formed on the 
semiconductor substrate. Therefore, comparing the generated plot of data for the dielectric material to the range of 
acceptable levels of metal contamination may indicate if a semiconductor substrate may be used in subsequent 
processing to form a semiconductor device thereon.* The acceptable levels of metal contamination may also be used 
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to monitor the performance or the presence of contamination in a processing device, which may have been used to 
process the semiconductor topography prior to determining the characteristic of the metal contamination. 

In an embodiment, the method may also include annealing the semiconductor substrate subsequent to 
depositing the charge on the upper surface of the semiconductor substrate as shown in step 14. Annealing the 
semiconductor substrate subsequent to depositing the charge may include heating the semiconductor substrate to an 
annealing temperature of less than approximately 120 °C. As such, annealing the semiconductor substrate 
subsequent to depositing the charge may cause charge leakage from the dielectric material. In this manner, the 
defects in the dielectric material due to the metal contamination may be enhanced. In particular, this method may be 
used to enhance defects caused by copper metal contamination in a dielectric material such as silicon dioxide. 

In an additional embodiment, the method may also include generating multiple extended electrical stress 
cycles in the dielectric material prior to measuring a tunneling voltage of the dielectric material. Electrical stress in 
the dielectric material may be generated by depositing a charge on an upper surface of the dielectric material. The 
charge may be deposited by using a non-contact corona charging technique. The generated electrical stress may 
include an electrical stress of approximately -1 x 10* 3 C/cm 2 to approximately +1 x 10' 3 C/cm 2 , and may include an 
electrical stress from approximately 3 x 10" 5 C/cm 2 to approximately 1 x 10 3 C/cm 2 for positive stress and from 
approximately -3xlO" 5 C/cm 2 to -lxlO' 3 C/cm 2 for negative stress. The dielectric material may degrade under 
extended electrical stress. In addition, the degradation rate as a function of electrical stress may also be a function 
of the defect density in the dielectric material, which may be caused by metal contamination in the dielectric 
material prior to the electrical stress cycles. Therefore, very low levels of metal* contamination may be detected by 
repeatedly generating electrical stress in the dielectric material to increase degradation of the dielectric material 
caused by the metal contamination. In addition, the parity of the stress cycles may also be changed to cause further 
degradation of the dielectric material. Subsequent to generating each electrical stress in the dielectric material, the 
semiconductor substrate may be heated to a temperature of approximately 50 °C to approximately 120 °C. The 
semiconductor substrate may be heated for a period of time of approximately one minute to approximately thirty 
minutes. Heating the semiconductor substrate subsequent to each electrical stress cycle may further increase the 
degradation of the dielectric material caused by metal contamination, which may further enhance the capability to 
detect very low levels of metal contamination. 

In an additional embodiment, the method may also be used to detect particulate contamination on an upper 
surface of the dielectric material. Particulate contamination may include non-metallic sub-micron particles that may 
be deposited on the dielectric material during handling and processing. By increasing the mobility of the deposited 
charge, the charge may be deposited through the dielectric material underlying the particulate contamination. The 
mobility of the deposited charge may be increased by flowing a gas across the upper surface of the dielectric 
material. The gas may include a gas that may have a moisture content which is greater than a moisture content of 
the ambient air surrounding the semiconductor substrate being measured. In addition, the gas may include ammonia. 
As such, a characteristic of the particulate contamination in the dielectric material may be determined as a function 
of the measured tunneling voltage. 

Fig. 2 illustrates an additional embodiment of a method to detect metal contamination in a dielectric 
material disposed upon a semiconductor substrate. As shown in step 28, the semiconductor substrate may be 
annealed. The annealing process may be effective to drive the metal contamination into the dielectric material. The ... 
annealing process may also be performed as described in an above embodiment. A charge may be deposited upon 
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an upper surface of the dielectric material as shown in step 30. The charge may be deposited as described in an 
above embodiment As shown in step 32, an electrical property of the dielectric material may be measured. The 
electrical property may also be measured as described in an above embodiment. The electrical property of the 
dielectric material may include a surface voltage V $ , flatband voltage V^, an interface trap density D it , or a total 
5 dielectric charge of the dielectric material. Furthermore, the method may include determining a characteristic of the 
metal contamination in the dielectric material as shown in step 34. The characteristic of the metal contamination 
may be a function of the measured electrical property of the dielectric material. In addition, the characteristic may 
be determined using any of the techniques, which are described in an above embodiment. For example, as shown in 
step 36, the electrical property may be compared to an electrical property of a reference dielectric material. The 
10 reference dielectric material may be substantially free of metal contamination. Alternatively, the reference dielectric 
material may have a predetermined characteristic of a known type of metal contamination. In this manner, as shown 
in step 38, comparing the measured electrical property of the dielectric material to an electrical property of a 
reference dielectric material may be used to indicate a presence of the metal contamination in the measured 
dielectric material. 

15 A flatband voltage may be representative of the metal contamination in the dielectric material and at an 

interface between the dielectric material and the semiconductor substrate. An interface trap density may be 
representative of the metal contamination at the interface between the dielectric material and the semiconductor 
substrate. When measuring the flatband voltage or the interface trap density, a deposited charge on an upper surface 
of the dielectric material may be sufficient to drive the semiconductor substrate to accumulation. Subsequent to 

20 measuring a surface potential of the dielectric material, a small amount of charge may be deposited upon the upper 
surface of the- dielectric material by a second charge deposition step. A polarity of the charge which may be 
deposited during the second charge deposition step may be opposite of the polarity of the charge deposited prior to 
measuring the surface potential. In this manner, the semiconductor substrate may be driven toward inversion. The 
steps of alternately driving the semiconductor substrate to accumulation and toward inversion may be repeated until 

25 the semiconductor substrate reaches inversion. The measurements of the surface voltage after each step of driving 
the semiconductor substrate to accumulation and toward inversion may be used to generate a Q-V sweep. The 
flatband voltage and the interface trap density may be determined from the generated Q-V sweep. 

In an additional embodiment, the measured electrical property of the dielectric material may be used to 
determine a resistivity of the dielectric material. A resistivity of the dielectric material may be closely related to the 

30 bias applied to the dielectric material. Therefore, the resistivity of the dielectric material may depend on the voltage 
being generated by the deposited charge and the metal contamination in the dielectric material. As such, an 
optimized sensitivity in the measurement of the resistivity of the dielectric material may be biased to approximately 
a tunneling field of the dielectric material by using the corona charging technique. For example, the deposited 
charge may be effective to generate an electrical field of the dielectric material of approximately lMV/cm to 

35 approximately 9MV/cm for positive bias, and approximately -lMV/cm to approximately -9MV/cm for negative 
bias. The measured electrical property that may be measured may include a surface voltage of the dielectric 
material, which may be measured as a function of time. The measured electrical property may be used to determine 
a resistivity of the dielectric material. The resistivity of the dielectric material may be determined by using the 
following equation: • - - v ~ " 

40 ptocrtc = -V/[(dV/dt)-e-8d, 
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where p dieIectric is the resistivity of the dielectric material, V is the measured surface voltage of the dielectric material 
t » the decay time, s is the dielectric constant of the dielectric material, and z, is the vacuum permittivity. The 
determined characteristic of the metal contamination in the dielectric material may, therefore, also be a function of 
the resistivity of the dielectric material. 

Fig. 3 illustrates an embodiment of a method for detecting metal contamination in a semiconductor 
substrate. The metal contamination that may be detected by using the method may include, but is not limited to, 
copper, aluminum, chromium, cobalt, and iron. The semiconductor substrate may include material which is 
described in an above embodiment including monocrystalline silicon, silicon germanium, and gallium arsenide The 
semiconductor substrate may have a dielectric material formed on an upper surface of the semiconductor substrate 
The dielectric material may be formed on the semiconductor substrate prior to annealing the semiconductor 
substrate. 

As shown in step 40, the semiconductor substrate may be annealed by heating the semiconductor substrate 
to an annealing temperature of less than approximately 1 100 H The annealing process may be effective to drive the 
metal contamination into the semiconductor substrate. The annealing process may be effective to drive only one 
type of metal contamination into the semiconductor substrate. Alternatively, the annealing process may be effective 
to drive at least two types of metal contamination into the semiconductor substrate. As such, the annealing 
temperature of the annealing process may depend on the type of metal contamination that may be driven into the 
semiconductor substrate. For example, for copper metal contamination, an annealing temperature of approximately 
350 -C to approximately 500 »C may be used to anneal the semiconductor substrate. The annealing process may 
also include heating the semiconductor substrate for a period of time. The period of time may also depend on the 
type of metal contamination that may be driven into the semiconductor substrate. For copper metal contamination, a 
period of time of approximately one minute to approximately thirty minutes ,or a period of time of approximately 
less than ten minutes may be used to anneal the semiconductor substrate. 

As shown in step 42, the method may also include rapidly cooling the semiconductor substrate following 
the annealing process. The semiconductor substrate may be cooled such that the metal contamination may be 
prevented from diffusing out of the semiconductor substrate. Rapidly cooling the semiconductor substrate may 
.nclude removing the semiconductor substrate from a device that may be used to anneal the semiconductor substrate 
A chill plate which may be maintained at a temperature that may be significantly lower than the temperature to 
which the semiconductor substrate may be heated during the annealing process may be used to cool the 
semiconductor substrate. Cooling the semiconductor substrate may also include cooling a semiconductor substrate 
using any natural or forced convection cooling methods known in the art. 

The method may also include depositing a charge on an upper surface of the semiconductor substrate or on 
an upper surface of a dielectric material disposed upon the semiconductor substrate as shown in step 44. A charge 
may be deposited upon an upper surface by using a non-contact corona charging technique. The deposited charge 
may be approximately -1x10^ C/cm 2 to approximately 1x10* (W. The deposited charge may be effective to 
drive the semiconductor substrate to depletion. As described in an above embodiment, the charge may be deposited 
upon various regions of the upper surface of the semiconductor substrate or the dielectric material disposed upon the 
sermconductor substrate. Regions of the semiconductor substrate may include predetermined or randomly 
determmed regions of the semiconductor substrate or substantially the entire semieoflffuctdr substrate. As shown in 
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optional step 46, subsequent to depositing the charge, a surface voltage of the semiconductor substrate may be 
measured by using a non-contact work function technique. 

A pulse of light may be directed toward the semiconductor substrate as shown in step 48. The intensity of 
the pulse of light may be predetermined to generate a surface photo- voltage of the semiconductor substrate that may 
5 be within approximately 90% of the saturation value of the surface photo-voltage. As shown in step 50, a surface 
photo-voltage of the semiconductor substrate may be measured. The surface photo-voltage may be measured by 
using a non-contact work function technique or a surface photo- voltage measurement technique. The surface photo- 
voltage may be representative of the band bending of the semiconductor substrate, which may result from metal 
contamination in the semiconductor substrate. The band bending of the semiconductor substrate may be a function 

10 of the electrical bias of the semiconductor substrate, which may result from the deposited charge. The surface 
photo- voltage may also be measured as a function of delay time. Subsequent to measuring the surface photo-voltage 
of the semiconductor substrate, the method may be repeated using the same semiconductor substrate. The second 
method may be carried out by using a different annealing process such that a different type of metal contamination 
may be driven into the semiconductor substrate. In this manner, each type of metal contamination that may be 

15 present in the semiconductor substrate may be individually measured. 

The surface photo-voltage may also be used to determine a bulk minority carrier lifetime, r BR , of the 
semiconductor substrate. The bulk minority carrier lifetime may be representative of the metal contamination in the 
semiconductor substrate. A semiconductor substrate which may be substantially free of metal contamination may 
have a bulk minority carrier lifetime of approximately 0.5 ms or longer. Metal contamination in a semiconductor 

20 substrate may effectively promote recombination of electrons and holes that are produced during the method. 
Therefore, metal contamination that may be present in the semiconductor substrate may reduce the bulk minority 
carrier lifetime. 

As shown in step 52, a characteristic of the metal contamination in the semiconductor substrate may be 
determined as a function of a measured surface voltage, a measured surface photo- voltage, or a determined bulk 

25 minority carrier lifetime. The characteristic of the metal contamination in the semiconductor substrate may also be a 
function of the annealing temperature or the corona field strength. In addition, the characteristic of the metal 
contamination in the semiconductor substrate may be a function of only one type of metal contamination or of at 
least two types of metal contamination. The characteristic of the metal contamination may also be determined for a 
portion of the semiconductor substrate, which may have a charge, deposited thereon. As such, the characteristic of 

30 the metal contamination may be used to determine locally contaminated regions of the semiconductor substrate. 

As shown in step 54, the measured surface photo- voltage may be compared to a surface photo- voltage of a 
reference semiconductor substrate. The reference semiconductor substrate may be substantially free of metal 
contamination. Alternatively, the reference semiconductor substrate may include a predetermined level of at least 
one type of known, or predetermined, metal contamination. Comparing the measured surface photo-voltage to a 

35 reference surface photo- voltage may be used to determine a presence of metal contamination in the semiconductor 
substrate as shown in step 56. 

In an embodiment, an electrical property of the semiconductor substrate such as a surface photo-voltage 
may be measured at more than one position on the semiconductor substrate. As such, an additional electrical 
property such as a bulk minority carrier lifetime of the semiconductor substrate-may also be determined, at each 

40 measurement position. Furthermore, a characteristic of at least one type of metal contamination may also be 
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determined at each measurement position. In this manner, a plot of the measured electrical property data, the 
determined electrical property data, or the determined characteristic of the metal contamination in the semiconductor 
substrate as a function of measurement position may be generated. A plot of the data as a function of the 
measurement position may be used to determine variations in the data across the semiconductor substrate. 
Therefore, variations in the plotted data may indicate a presence of metal contamination in locally contaminated 
regions of the semiconductor substrate. 

In an embodiment, the generated plot of the data as a function of measurement position may also be 
compared to a predetermined plot of data for a reference semiconductor substrate. The predetermined plot of data 
may include predetermined electrical property data or predetermined characteristic data of the metal contamination 
in the semiconductor substrate as a function of measurement position. The reference semiconductor substrate may 
be substantially free of metal contamination. As such, comparing the plot of the measured data to a plot of 
predetermined data may indicate a presence or an extent of the metal contamination in a semiconductor substrate. In 
a further embodiment, the predetermined plot of data as a function of measurement position may be representative 
of a range of acceptable levels of at least one type of metal contamination. Acceptable levels of the metal 
contamination may include levels of metal contamination that may not substantially hinder the performance of a 
semiconductor device formed on the semiconductor substrate. Therefore, comparing the generated plot of data for 
the measured semiconductor substrate to a range of acceptable levels of metal contamination may indicate if the 
semiconductor substrate may be used in subsequent processing to form a semiconductor device thereon. The 
acceptable levels of metal contamination may also be used to monitor the performance or the presence of 
contarnination in a processing device that may have been used to process the semiconductor topography prior to 
determining the characteristic of the metal contamination. 

A set of data may be collected and analyzed which may include electrical properties such as tunneling 
voltages associated with a characteristic of metal contamination on a semiconductor topography. The 
semiconductor topography may include a semiconductor substrate or a dielectric material disposed upon a 
semiconductor substrate. In an embodiment," a measured electrical property such as a tunneling voltage of a 
semiconductor topography may be compared to a set of such data. In this manner, a characteristic of the metal 
contamination in the semiconductor topography may be determined. The set of data may be generated by using one 
device to measure an electrical property and to determine a characteristic of the metal contamination as a function of 
the electrical property. Alternatively the set of data may be generated by several devices that may be similarly 
configured to measure an electrical property and to determine a characteristic of the metal contamination as a 
function of the electrical property. The set of data may be used to calibrate or to check the accuracy of additional 
similarly configured devices. In a manufacturing environment, several similarly configured devices may be used to 
simultaneously manufacture multiple lots of semiconductor devices. Therefore, using the set of data to calibrate and 
check multiple tools may be particularly important in semiconductor manufacturing to ensure that the level of metal 
contamination on each semiconductor topography on which devices are being fabricated may be accurately 
determined. 

In addition, a semiconductor topography may be intentionally contaminated with an amount of metal. An 
electrical property such as a tunneling voltage may be measured for the contaminated semiconductor topography. 
Additional semiconductor topographies may also be contaminated with varying amounts of metal. Electrical- 
properties of the additional contaiinrated sermconductor tonographies imy als^ A characteristic of the 
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metal contamination may be determined for each electrical property associated with a contaminated semiconductor 
topography. In this manner, a quantitative relationship may be determined between a characteristic of the metal 
contamination on a semiconductor topography and variations in a measured electrical property of the semiconductor 
topography. Furthermore, a determined quantitative relationship which describes a relationship between the 
5 characteristic of the metal contamination and the associated electrical properties may be used to determine the 
amount of metal contamination in an unknown, or product, semiconductor topography. The determined quantitative 
relationships may be used during processing of semiconductor devices to determine if a level of the metal 
contamination on a semiconductor topography is low enough such that the semiconductor topography may be used 
to successfully manufacture semiconductor devices. 

10 Furthermore, this algorithm may be integrated into a controller for a system that may be configured to 

measure the metal contamination in a semiconductor topography. Alternatively, an algorithm which describes a 
theoretical, or mathematical, relationship between an electrical property of a semiconductor topography and a 
characteristic of the metal contamination in the semiconductor topography may be integrated into a controller for the 
system. In an embodiment, the system may include an oven that may be used to anneal the semiconductor substrate, 

15 a device that may be used to deposit a charge on an upper surface of the semiconductor topography, and a sensor 
that may be used to measure an electrical property of the semiconductor topography. The semiconductor 
topography may include a semiconductor substrate or a dielectric material deposited upon a semiconductor 
substrate. The controller may be a computer system configured to operate software and control the system to anneal 
the semiconductor topography, to deposit a charge on an upper surface of the dielectric material, and to measure an 

20 electrical property of the semiconductor topography. In an additional embodiment, the system may also include a 
robotic wafer handler, a pre-aligner, a cooling device, a movable, chuck, and an illumination system. Therefore, the 
controller may be further configured to control the robotic wafer handler, the pre-aligner, the cooling* device, the 
movable chuck, and the illumination system, 

The computer system may include a memory medium on which computer programs for operating the 

25 device and performing calculations related to the data collected. The term "memory medium" is intended to include 
an installation medium, e.g., a CD-ROM, or floppy disks, a computer system memory such as DRAM, SRAM, EDO 
RAM, Rambus RAM, etc., or a non-volatile memory such as a magnetic media, e.g., a hard drive, or optical storage. 
The memory medium may comprise other types of memory as well, or combinations thereof. In addition, the 
memory medium may be located in a first computer in which the programs are executed, or may be located in a 

30 second, or different, computer that connects to the first computer over a network. In the latter instance, the second 
computer provides the program instructions to the first computer for execution. Also, the computer system may take 
various forms, including a personal computer system, mainframe computer system, workstation, network appliance, 
Internet appliance, personal digital assistant (PDA), television system or other device. In general, the term 
"computer system" may be broadly defined to encompass any device having a processor which executes instructions 

35 from a memory medium. 

The memory medium may store a software program for the operation of the optical inspection device. The 
software program may be implemented in any of various ways, including procedure-based techniques, component-based 
techniques, and/or object-oriented techniques, among others. For example, the software program may be implemented 
using ActiveX controls, C++ objects, JavaBeans, Microsoft Foundation Classes (MFC), 'or other technologies or 
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methodologies, as desired. A CPU, such as the host CPU, executing code and data from the memory medium may 
include creating and executing the software program according to the methods described above. 

Various embodiments further include receiving or storing instructions and/or data implemented in 
accordance with the foregoing description upon a carrier medium. Suitable carrier media include memory media or 
storage media such as magnetic or optical media, e.g., disk or CD-ROM, as well as signals such as electrical, 
electromagnetic, or digital signals, conveyed via a communication medium such as networks and/or a wireless link. 

The software for the system may be used to measure and determine the metal contamination of additional 
semiconductor topographies. In some embodiments, a predefined algorithm for the metal contamination may be 
incorporated into the software package that interfaces with a system which may be configured to measure the metal 
contamination in a semiconductor topography. In this manner, the software may be configured to receive electrical 
property data that may be measured by a sensor incorporated into the system. The software may also be configured 
to perform appropriate calculations to convert the electrical property data into a characteristic of the metal 
contamination in the semiconductor topography. Additionally, the software may also be configured to compare an 
electrical property of a product semiconductor topography to an electrical property of a reference semiconductor 
topography having a predetermined amount of a known type of metal contamination. Furthermore, the software may 
be configured to receive electrical property data that may be measured as a function of a position of the 
semiconductor topography. In this manner, the software may be configured to generate a plot of the measured 
electrical properties or determined characteristics of the metal contamination as a function of the measurement 
position. In addition, the software may be configured to determine variations in the electrical properties as a 
function of the measurement position and to determine locally contaminated regions of the semiconductor substrate. 

Fig. 4 illustrates a plan view of an embodiment of a system that may be configured to measure a 
characteristic of metal contamination on a semiconductor topography. The semiconductor topography may include 
a semiconductor substrate or a dielectric material disposed upon a semiconductor substrate. A semiconductor 
topography may be placed into wafer cassette 60. Wafer cassette 60 may be loaded into system 58. System 58 may 
include robotic handler 62 which may be configured to pick up a semiconductor topography and to move the 
semiconductor topography from one device of the system to another device of the system. System 58 may also 
include pre-aligner 64 which may be configured to alter a position of the semiconductor topography. For example, 
pre-aligner 64 may alter a position of each semiconductor topography such the orientation of each semiconductor 
topography may be substantially the same during processing. Alternatively, the pre-aligner may be configured to 
detect an alignment mark formed on the semiconductor topography and to alter a position of the semiconductor 
topography such that a position of the alignment mark may be substantially the same as a predetermined position. 

In an embodiment, system 58 may also include oven 66 which may be used to anneal a semiconductor 
topography. Oven 66 may be configured to heat the semiconductor substrate to a temperature of less than 
approximately 1 100 °C. The oven may also be configured to drive the metal contamination into a dielectric material 
of the semiconductor topography or into a semiconductor substrate of the semiconductor topography. System 58 
may also include a cooling device (not shown), which may be used to reduce a temperature of the semiconductor 
topography subsequent to the annealing process. The cooling device may include any such device known in the art, 
such as a chill plate. 

In an embodiment, system 58 may include device 68 which may be used^deposit a charge on an upper 
surface of the semiconductor topography. Device 68 may include a non-contact corona charging device such as a 
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needle corona source or a wire corona source. Additional examples of non-contact corona charging devices are 
illustrated in U.S. Patent Nos. 4,599,558 to Castellano et ah, 5,594,247 to Verkuil et al., and 5,644,223 to Verkuil 
and are incorporated by reference as if fully set forth herein. The deposited charge may be positive or negative 
depending on the parameters of the device that may be used to deposit the charge; The device may be used to 
5 deposit a charge on predetermined regions of the semiconductor topography and on randomly determined regions of 
the semiconductor topography. In addition, the device may also be used to deposit a charge on a portion of the 
semiconductor topography or on substantially the entire semiconductor topography. 

In an embodiment, system 58 may also include sensor 70 which may be used to measure at least one 
electrical property of the charged upper surface of the semiconductor topography. The sensor may be configured to 

10 operate as a non-contact work function sensor or a surface photo-voltage sensor. The non-contact work function 
sensor may include, e.g., a Kelvin probe sensor or a Monroe sensor. Additional examples of work function sensors 
which may be incorporated into the system are illustrated in U.S. Patent Nos. 4,812,756 to Curtis et al., 5,485,091 to 
Verkuil, 5,650,731 to Fung and 5,767,693 to Verkuil and are incorporated by reference as if fully set forth herein. 
Sensor 70 may be used to measure electrical properties, which may include, but are not limited to, a tunneling 

15 voltage, a surface voltage, and a surface voltage as a function of time. System 58 may also include an illumination 
system (not shown) which may be configured to direct a pulse of light toward the semiconductor topography and 
which may be used to generate a surface photo-voltage of the semiconductor substrate. As such, an electrical 
property that may be measured by sensor 70 may also include a surface photo-voltage of the semiconductor 
substrate. System 58 may further include movable chuck 72 which may be used to alter a position of the 

20 semiconductor topography under device 68, under an illumination system, and under sensor 70. As such, system 58 
may be used to measure an electrical property of the semiconductor topography as a function of time and position of 
the semiconductor topography. 

In an additional embodiment, system 58 may also include an operating system (not shown) which may be 
used to monitor and control the operation of oven 66 to heat the semiconductor substrate to an anneal temperature. 

25 The operating system may also be configured to monitor and control the operation of device 68 to deposit a charge 
on an upper surface of the semiconductor topography. Additionally, the operating system may be further configured 
to monitor and control the operation of sensor 70 to measure an electrical property of the semiconductor 
topography. Furthermore, the operating system may be used to determine a characteristic of the metal 
contamination in the semiconductor topography. The characteristic of the metal contamination in the semiconductor 

30 topography may be determined as a function of the measured electrical property. In addition, the operating system 
may also be configured to monitor and control an additional device of the operating system including a robotic 
wafer handler, a pre-aligner, a wafer chuck, and/or an illumination system. 

Fig. 5 illustrates an embodiment of a method for fabricating a semiconductor device. The method may 
include annealing a semiconductor topography as shown in step 74. The annealed semiconductor topography may 

35 be substantially free of damage. The semiconductor topography may include a semiconductor substrate or a 
dielectric material formed upon a semiconductor substrate. Appropriate semiconductor substrates may include 
monocrystalline silicon, silicon germanium, and gallium arsenide. The dielectric material may include, but may not 
be limited to, silicon dioxide, silicon nitride, silicon oxynitride, and various low-k and high-k materials. The method 
may be used to determine various types of metal contamination including,* -but *fibf limited to, copper, iron* 

40 chromium, cobalt, and aluminum. 
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The annealing process of step 74 may include heating the semiconductor topography to an annealing 
temperature such that only one type of metal contamination may be driven into the semiconductor topography. 
Alternatively, the annealing process may be performed to drive at least two types of metal contamination into the 
semiconductor topography. For example, the annealing process may include heating the semiconductor topography 
to a temperature of less than 1100 °C. The semiconductor topography.may be heated to a temperature that may 
depend on the metal contamination which may be driven into the semiconductor topography. For copper metal 
contamination, the annealing process may include heating the semiconductor topography to a temperature of 
approximately 350 °C to approximately 500 °C. The annealing process may also include heating the semiconductor 
topography for a period of time. The period of time may be longer or shorter depending on the type of metal 
contamination that may be driven into the semiconductor topography. For example, for copper metal contamination, 
the annealing process may include heating the semiconductor topography for approximately one minute to 
approximately thirty minutes. The annealing process may be used to drive the metal contamination into the 
semiconductor substrate of the semiconductor topography or into the dielectric material of the semiconductor 
topography. As shown in step 78, the semiconductor topography may be rapidly cooled subsequent to the annealing 
process. As such, cooling the semiconductor topography may be effective to prevent diffusion of the metal 
contamination out of the semiconductor substrate: 

As shown in step 76, the method may include depositing a charge on an upper surface of the semiconductor 
topography. As such, the charge may be deposited on an upper surface of a dielectric material or a semiconductor 
substrate of the semiconductor topography. The charge may be deposited by using a non-contact corona charging 
technique. The charge may be deposited on predetermined regions of the semiconductor topography or on randomly 
determined regions of the semiconductor topography. In addition, the charge may be deposited on a portion of the 
semiconductor topography or on substantially the entire semiconductor topography. 

The method may also include measuring at least one electrical property of the semiconductor topography as 
shown in step 80. Measuring the electrical property may include using a non-contact work function sensor. The 
electrical property of the semiconductor topography may include, but is not limited to, a tunneling voltage, a surface 
voltage, and a surface voltage as a function of time. In an embodiment, the method may include directing a pulse of 
light toward the semiconductor topography prior to measuring the electrical property as shown in step 82. As such, 
the electrical property of the semiconductor topography may also include a surface photo-voltage of the 
semiconductor topography. 

As shown in step 84, the method may also include determining a characteristic of the metal contamination 
m the semiconductor topography. The characteristic may be a function of the measured electrical property of the 
semiconductor topography. The characteristic may also be a function of the temperature to which the semiconductor 
topography is heated during the annealing process and a function of the amount of charge that may be deposited 
upon an upper surface of the semiconductor topography. In addition, determining the characteristic may include 
determining the characteristic of only one types of metal contamination or determining the characteristic of at least 
two types of metal contamination. Determining the characteristic may also include determining a characteristic of a 
portion of the semiconductor topography. As such, locally contaminated regions of the semiconductor substrate 
may be determined. 

The method may also include comparing the determined characteristic T>fthe semiconductor topography to 
a range of acceptable characteristics of the metal contamination as shown in step 86. The range of acceptable 
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characteristics of the metal contamination in the semiconductor topography may include levels of the metal 
contamination that may not substantially hinder the performance of a semiconductor device, which may be formed 
thereon. As such, if the characteristic of the metal contamination is within the range of acceptable characteristics as 
shown in step 88, the method may also include forming a semiconductor device on the semiconductor topography. 
5 Alternatively, if the determined characteristic is outside of the acceptable range of characteristics, the semiconductor 
topography may be further processed to remove the excess metal contamination. Therefore, the method may be 
repeated for the semiconductor topography subsequent to removal of the excess metal contamination. 

A method to measure the metal contamination in a semiconductor topography that includes annealing the 
semiconductor topography to drive the metal contamination into the semiconductor topography may provide several 

10 advantages over current methods that may be used to determine the amount of metal contamination on a 
semiconductor topography. For example, measuring the metal contamination in the semiconductor topography by 
annealing the semiconductor topography may provide similar or increased sensitivity in the measurements of the 
metal contamination. The annealing process may be used to individually determine a characteristic of different 
types of metal contamination in the semiconductor topography. In addition, the annealing process may be used in 

15 conjunction with a second annealing process that may be performed subsequent to depositing a charge on an upper 
surface of the semiconductor topography. As such, levels of metal contamination that may be measured using the 
method may be lower than the level of metal contamination that may be measured with current methods. 
Furthermore, the method may reduce error in measurements of the metal contamination on a semiconductor 
topography. For example, because a system which may be configured to carry out the method may be fully 

20 controlled by a controller computer, the incidence of operator or random error may be reduced using this method. 

A method to measure the metal contamination on a semiconductor topography that may include an 
annealing process to drive the metal contamination into the semiconductor topography may also provide higher 
throughput than current methods that may be used to measure the metal contamination. The steps that may be 
performed to carry out the method may be significantly quicker than a processing sequence, which may be used, in 

25 currently available methods. In addition, the data analysis which may be involved in a method that may include an 
annealing process may be performed significantly faster than the data analysis involved in currently available 
methods. Furthermore, because the method may be performed without having to form semiconductor devices on the 
semiconductor topography, the method may be relatively quicker and less costly than currently available methods 
that may be used to measure the metal contamination. Currently available testing methods may also involve 

30 destructive testing techniques, which may include removing a portion of the semiconductor topography during 
testing. The methods described in the above embodiments, however, may not include destroying a semiconductor 
topography during the method. Therefore, the methods described in the above embodiments may also reduce the 
cost associated with measuring the metal contamination in a semiconductor topography. Accordingly, the methods 
described in the above embodiments provide the advantages of high throughput, low cost, and relatively good 

35 sensitivity. 

EXAMPLE: Effect of an Annealing Process on Detection of Metal Contamination. 

A silicon dioxide dielectric material was formed on a silicon substrate. An annealing process was 
performed at various temperatures to drive copper metal contamination into the "dielectric material. The 
40 temperatures included 20 °C, 300 °C, and 450 °C. A control wafer was also measured after an annealing process, 
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which included heating the semiconductor substrate at 450 °C. The control wafer was a silicon dioxide dielectric 
material formed on a silicon semiconductor substrate which was substantially free of copper metal contamination. A 
charge was deposited on an upper surface of each dielectric material. The tunneling voltage of the dielectric 
material was measured at various positions on the semiconductor substrate. In addition, the tunneling field was 
determined as a function of the tunneling voltage at each measurement position. Fig. 6 illustrates a plot of the 
tunneling field at each measurement position on the semiconductor substrate as a function of the various annealing 
temperatures. Degradation of the silicon dioxide is a function of the temperature of the annealing process. As 
shown in Fig. 6, copper contamination significantly degrades the tunneling field at annealing temperatures above 
approximately 300 °C. 

Several semiconductor substrates were also intentionally contaminated with various levels of copper metal 
contamination. The copper metal contamination was intentionally deposited on the upper surface of the 
semiconductor substrates at levels including 1 part per billion (ppb), 0.1 ppb, 0.01 ppb, and 0.001 ppb. The 
semiconductor substrates were silicon with a silicon dioxide dielectric material layer formed on an upper surface of 
the silicon. An annealing process was performed to heat each of the semiconductor substrates to an annealing 
temperature. A charge was deposited on each semiconductor substrate, and a tunneling voltage of the dielectric 
material was measured at various positions on the semiconductor substrate. A tunneling field was determined at 
each measurement position on the semiconductor substrate. The tunneling field was plotted versus the measurement 
position on the semiconductor substrate as shown in Fig. 7. As shown in Fig. 7, the tunneling field is sensitive to a 
concentration level of 0.001 ppb of copper. 

A silicon semiconductor substrate having a silicon dioxide dielectric material was intentionally 
contaminated with copper at various positions on the semiconductor substrate. An annealing process was performed 
to heat the semiconductor substrate to an annealing temperature to drive the copper contamination into the silicon 
dumde. A charge was deposited on an upper surface of the silicon dioxide, and a tunneling voltage was measured 
as a function of time at each of the positions on the semiconductor substrate. A tunneling field was determined 
ustng the tunneling voltage as a function of time at each of the positions on the semiconductor substrate. A relative 
tunneling field was plotted versus the time between depositing the charge and measuring the tunneling voltage for 
each measurement position as shown in Fig. 8. The positions at which the semiconductor substrate were 
contaminated with copper include Site #1 to Site #6. Sites #7 to #9 of the semiconductor substrate were 
nationally prevented from being contaminated with copper metal contamination. As shown in the plotted data of 
F.g. 8, for copper contamination, a delay time of approximately two minutes to approximately ten minutes between 
depositing the charge on the upper surface.of the dielectric material and measuring the tunneling voltage of the 
chelectric material may be effective to obtain an optimized sensitivity in the measurements of the tunneling field. 

A silicon semiconductor substrate having a silicon dioxide dielectric material was intentionally 
contaminated with copper at various positions on the semiconductor substrate. An annealing process was performed 
to heat the semiconductor substrate to an annealing temperature to drive the copper contamination into the silicon 
dtoxule. A charge was deposited on an upper surface of the silicon dioxide, and the semiconductor substrate was 
subjected to a number of electrical stress cycles. The electrical stress cycle was performed by depositing a charge 
on the upper surface of the semiconductor substrate and heating the semiconductor substrate subsequent to 
depositing the charge. A tunneling voltage was measured as a function of the -measurement position on the 
semiconductor substrate after each of three electrical stress cycles. A tunneling field was determined using the 
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tunneling voltage at each measurement position on the semiconductor substrate and after each of three electrical 
stress cycles. The tunneling field at each measurement position after each electrical stress cycle was plotted for the 
dielectric material is shown in Fig. 9. Fig. 9 illustrates that the detection capability of the method of an above 
embodiment increases after each electrical stress cycle. 
5 A silicon semiconductor substrate having a silicon dioxide dielectric material was again intentionally 

contaminated with copper at various positions on the semiconductor substrate. An annealing process was performed 
to heat the semiconductor substrate to an annealing temperature to drive the copper contamination into the silicon 
dioxide. A charge was deposited on an upper surface of the silicon dioxide, and a tunneling voltage was measured 
as a function of the measurement position on the semiconductor substrate. A tunneling field was determined using 

10 the tunneling voltage at each measurement position on the semiconductor substrate. A reference tunneling field of a 
reference dielectric material was then subtracted from the determined tunneling field of the dielectric material, 
which is a function of the measured tunneling voltage at each measurement position on the semiconductor substrate. 
The reference dielectric material was substantially free of the metal contamination. The tunneling field at each 
measurement position as determined from the measured tunneling voltage and after subtraction of the reference 

15 tunneling field is shown in Fig. 10. As shown in Fig. 10, a baseline of the determined tunneling field data may be 
altered by subtracting the reference tunneling field. Fig. 1 1 also shows the determined tunneling field data using a 
whole wafer mapping technique. The technique was used to determine the position of the locally contaminated 
portions of the dielectric material. 

An additional silicon semiconductor substrate having a silicon dioxide dielectric material was intentionally 

20 contaminated with copper at various positions on the semiconductor substrate. An annealing process was performed 
to heat the semiconductor substrate to an annealing temperature to drive the copper contamination into the silicon 
substrate. The semiconductor substrate was rapidly cooled, subsequent to the annealing process. A charge was 
deposited on an upper surface of the silicon dioxide, and a pulse of light was directed toward the semiconductor 
substrate. A surface photo- voltage was measured as a function of delay time and as a function of the measurement 

25 position on the semiconductor substrate. A bulk minority carrier lifetime was determined using the surface photo- 
voltage at each measurement position on the semiconductor substrate. The bulk minority carrier lifetime at each 
measurement position as determined from the measured surface photo- voltage is shown in Fig. 12 using a whole 
wafer mapping technique. The technique was used to determine the position of the locally contaminated portions of 
the dielectric material using the determined bulk minority carrier lifetime data. 

30 It will be appreciated to those skilled in the art having the benefit of this disclosure that this invention is 

believed to provide a method to measure the metal contamination in a semiconductor topography which may include 
annealing the semiconductor topography to drive the metal contamination into a dielectric material or into a 
semiconductor substrate. Further modifications and alternative embodiments of various aspects of the invention will 
be apparent to those skilled in the art in view of this description. It is intended that the following claims be 

35 interpreted to embrace all such modifications and changes and, accordingly, the specification and drawings are to be 
regarded in an illustrative rather than a restrictive sense. 
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WHAT IS CLAIMED IS: 

1. A system configured to measure a characteristic of metal contamination on a semiconductor topography 
during use, comprising: 

5 an oven configured to anneal a semiconductor topography during use; 

a device configured to deposit a charge on an upper surface of the semiconductor topography during use; 
and 

a sensor configured to measure at least one electrical property of the charged upper surface of the 
semiconductor topography during use. 

) 



2. The system of claim 1, wherein the semiconductor topography comprises a semiconductor 



substrate. 



3. The system of claim 1, wherein the semiconductor topography comprises a dielectric material disposed upon 
a semiconductor substrate. 



4. The system of claim 1. wherein th* 

an anneal 



4. The system of claim 1, wherein the oven is configured to heat the semiconductor topography to ; 
temperature of less than approximately 1 100 °C. 



5. The system of claim 1, wherein the oven is configured to drive the metal contamination into a semiconductor 
substrate of the semiconductor topography during use. 

6. The system of claim 1, wherein the oven is configured to drive the metal contamination into a dielectric 
material of the semiconductor topography during use. 

7. The system of claim 1, wherein the device comprises a non-contact corona charging device. 

8. Thesystem of claim 1, wherein the device is configured to deposit a charge on predetermined regions of the 
semiconductor topography. 

9. The system of claim 1, wherein the device is configured to deposit a charge on a portion of the 
semiconductor topography during use or on substantially the entire semiconductor topography during , 



'use. 



10. The system of claim 1, wherein the sensor comprises a non-contact work function 



sensor. 



11. The system of claim 1, further comprising a movable chuck configured to alter a position of the 
semiconductor topography under the device during use. 

12. The system of claim 1, further comprising a robotic wafer handler configured to move the semiconductor 
topography during use. 
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13. The system of claim 1, further comprising a pre-aligner configured to alter a position of the semiconductor 
topography during use. 



14. The system of claim 1, further comprising a cooling device configured to reduce a temperature of the 
5 semiconductor topography subsequent to annealing the semiconductor topography during use. 

15: The system of claim 1, wherein the electrical property of the semiconductor topography comprises a 
tunneling voltage. . 

10 16. The system of claim 1, wherein the electrical property of the semiconductor topography comprises a 
surface voltage. 

17. The system of claim 1, wherein the electrical property of the semiconductor topography comprises a 
surface voltage, and wherein the surface voltage is a function of time. 

15 

18. The system of claim 1, wherein the electrical property of the semiconductor topography comprises a 
surface photo-voltage of the semiconductor topography, and wherein the system further comprises an illumination 
system configured to direct a pulse of light toward the semiconductor substrate during use and a movable chuck 
configured to alter a position of the semiconductor topography under the illumination system during use. 

20 

19. The system of claim 1, further comprising an operating system, wherein the operating system is configured 
to monitor and control the oven, the device and the sensor during use, wherein the operating system is configured to 
determine a characteristic of the metal contamination in the semiconductor topography, and wherein the 
characteristic of the metal contamination in the semiconductor topography is a function of the measured electrical 

25 property of the semiconductor topography. 

20. A method for detecting metal contamination in a dielectric material disposed upon a semiconductor 
substrate, comprising: 

annealing the semiconductor substrate, wherein annealing the semiconductor substrate is effective to drive 
30 the metal contamination into the dielectric material; 

measuring an electrical property of the dielectric material; and 

determining a characteristic of the metal contamination in the dielectric material, wherein the characteristic 
is a function of the measured electrical property. 

35 21. The method of claim 20, wherein the annealed dielectric material is substantially free of damage. 

22. The method of claim 20, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature, and wherein the metal contamination comprises one type of 
metal contamination. 
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23. The method of claim 20, wherein the metal contamination comprises at least two types of metal 
contamination. 

24. The method of claim 20, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature of less than approximately 1 100 °C. 

25. The method of claim 20, wherein the metal contamination comprises copper, and wherein annealing the 
semiconductor substrate comprises heating the semiconductor substrate to an annealing temperature of 
approximately 350 °C to approximately 500 °C. 

26. The method of claim 20, wherein the metal contamination comprises copper, wherein annealing the 
semiconductor substrate comprises heating the semiconductor substrate for a period of time, and wherein the period 
of time comprises approximately one minute to approximately thirty minutes. 



27. 



The method of claim 20, wherein measuring the electrical property comprises depositing a charge 



on an 



upper surface of the dielectric material, and wherein depositing the charge comprises using a non-contact corona 
charging technique. 

28. The method of claim 20, wherein measuring the electrical property comprises depositing a charge on an 
upper surface of the dielectric material, and wherein depositing a charge on the upper surface of the dielectric 
material comprises depositing the charge on predetermined regions of the upper surface of the dielectric material. 

29. The method of claim 20, wherein measuring the electrical property comprises depositing a charge on an 
upper surface of the dielectric material, and wherein depositing the charge on the upper surface of the dielectric 
material comprises depositing the charge on a portion of the upper surface or on substantially the entire upper 

surface. 

30. The method of claim 20, wherein measuring the electrical property of the dielectric material comprises 
using a non-contact work function measurement technique. 

31. The method of claim 20, further comprising comparing the electrical property of the dielectric material to 
an electrical property of a reference dielectric material, wherein the reference dielectric material is substantially free 
of metal contamination. 

32. The method of claim 20, further comprising comparing the electrical property of the dielectric material to 
an electrical property of a reference dielectric material, wherein the reference dielectric material comprises a 
predetermined level of at least one type of metal contamination, and wherein at least the one type of metal 

contamination is predetermined. 
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33. The method of claim 32, further comprising determining a presence of at least one type of metal 
contamination in the dielectric material. 



34. The method of claim 20, wherein measuring the electrical property of th& dielectric material comprises 
5 depositing a charge on an upper surface of the semiconductor substrate, and wherein the deposited charge comprises 

an electric field of approximately a tunneling field of the dielectric material. 

35. The method of claim 34, wherein the electric field comprises approximately 1 MV/cm to approximately 9 
MV/cm for positive bias or approximately -1 MV/cm to approximately -9 MV/cm for negative bias, wherein the 

10 electrical property comprises a surface voltage of the dielectric material, and wherein the surface voltage is a 
function of time. 

36. The method of claim 20, wherein measuring the electrical property of the dielectric material further 
comprises determining a resistivity of the dielectric material,- and wherein the characteristic of the metal 

15 contamination is a function of the resistivity of the dielectric material. 

37. The method of claim 20, wherein the electrical property of the dielectric material comprises a flatband 
voltage. 

20 38. The method of claim 20, wherein the electrical property of the dielectric material comprises an interface 
trap density. 

39. The method of claim 20, wherein the electrical property of the dielectric material comprises a total 
dielectric charge. 

25 

40. The method of claim 20, wherein the characteristic of the metal contamination further comprises a function 
of a temperature of the annealing of the semiconductor substrate. 

41. The method of claim 20, wherein the characteristic of the metal contamination further comprises a function 
30 of an amount of the deposited charge. 

42. The method of claim 20, wherein determining the characteristic of the metal contamination in the dielectric 
material comprises determining a characteristic of at least two types of metal contamination in the dielectric 
material. 

35 

43. The method of claim 20, wherein detenmning a characteristic of the metal contamination in the dielectric 
materia] comprises determining a characteristic of at least one type of metal contamination in a portion of the 
dielectric material, and wherein the portion of the dielectric material comprises a locally contaminated region of the 
dielectric material. 

40 
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44. The method of claim 20, further comprising measuring the electrical property of the dielectric materia] at 
more than one position on the semiconductor substrate, and determining the characteristic of at least one type of 
metal contamination at each measurement position. 



45. 

function of measurement position, 



The method of claim 44, further comprising generating a plot of the measured electrical property as a 



46. The method of claim 45, further comprising comparing the generated plot of the measured electrical 
property as a function of measurement position to a plot of a predetermined electrical property as a function of 
measurement position. 

47. The method of claim 46, wherein the predetermined electrical property is representative of a range of 
acceptable levels of at least one type of metal contamination, and wherein the acceptable levels of the metal 
contamination do not substantially hinder the performance of a semiconductor device formed on the semiconductor 
substrate. 

48. The method of claim 20, wherein the dielectric material comprises silicon dioxide, silicon nitride, or silicon 
oxynitride. 

49. The method of claim 20, wherein the semiconductor substrate comprises monocrystalHne silicon, silicon 
germanium, or gallium arsenide. 

50. The method of claim 20, wherein the metal contamination comprises copper. 

51. The method of claim 20, wherein the metal contamination comprises iron, chromium, cobalt, or aluminum. 

52. The method of claim 20, further comprising comparing the electrical property to a set of data, wherein the 
set of data comprises electrical properties associated with a characteristic of metal contamination, and wherein the 
set of data comprises data generated using one device configured to measure the electrical property of the dielectric 
material and to determine a characteristic of at least one type of metal contamination in the dielectric material. 

53. The method of claim 20, further comprising 

re-annealing the semiconductor substrate subsequent to measuring the electrical property; and 
re-measuring the electrical property of the dielectric material. 

54. A method for increasing degradation of a dielectric material resulting from metal contamination, 
comprising: 

generating electrical stress in the dielectric material, wherein the dielectric material is disposed upon a 
semiconductor substrate; and 

heating the semiconductor substrate subsequent to generating electrical stress in the dielectric material. 
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55. The method of claim 54, wherein generating electrical stress in the dielectric material comprises using a 
non-contact corona charging technique. 

5 56. The method of claim 54, wherein the electrical stress comprises approximately -1 x 10* 3 C/cm 2 to 
approximately +1 x 10~ 3 C/cm 2 . 

57. The method of claim 54, wherein heating the semiconductor substrate comprises heating the semiconductor 
substrate to a temperature of approximately 50 °C to approximately 120 °C. 

10 i 

58. The method of claim 54, wherein heating the semiconductor substrate comprises heating the semiconductor 
substrate for a period of time of approximately one minute to approximately thirty minutes. 

, 59. The method of claim 54, wherein the metal contamination comprises iron, chromium, cobalt, or aluminum. 

15 

60. The method of claim 54, wherein the metal contamination comprises copper. 

61 . The method of claim 54, wherein the dielectric material comprises silicon dioxide, silicon nitride, or silicon 
oxynitride. 

20 

62. A method for determining a characteristic of metal contamination in a dielectric material disposed upon a 
semiconductor substrate, comprising: 

annealing the semiconductor substrate prior to depositing a charge on an upper surface of the dielectric 
material, wherein annealing the semiconductor substrate is effective to drive the metal contamination into 
25 the dielectric material; 

depositing a charge upon the upper surface of the dielectric material; 

annealing the semiconductor substrate subsequent to depositing a charge on the upper surface of the 
dielectric material; 

measuring an electrical property of the dielectric material; and 
30 determining a characteristic of the metal contamination in the dielectric material, wherein the characteristic 

is a function of the measured electrical property. 

63. The method of claim 62, wherein annealing the semiconductor substrate prior to depositing the charge 
comprises heating the semiconductor substrate to an annealing temperature of less than approximately 1 100 °C. 

35 

64. The method of. claim 62, wherein the metal contamination comprises copper, and wherein annealing the 
semiconductor substrate prior to depositing the charge comprises heating the semiconductor substrate to an 
annealing temperature of approximately 350 °C to approximately 500 °C. 
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65. The method of claim 62, wherein the metal contamination comprises copper, wherein annealing the 
semiconductor substrate prior to depositing the charge comprises heating the semiconductor substrate for a period of 
time, and wherein the period of time comprises approximately one minute to approximately thirty minutes. 

66. The method of claim 62, wherein annealing the semiconductor substrate subsequent to depositing the 
charge comprises heating the semiconductor substrate to an annealing temperature of less than approximately 120 
*C. 

67. The method of claim 62, wherein annealing the semiconductor substrate subsequent to depositing the 
charge comprises heating the semiconductor substrate to an annealing temperature of less than approximately 120 
•C, wherein the metal contamination comprises copper, and wherein the dielectric material comprises silicon 

dioxide. 

68. The method of claim 62, wherein the dielectric material comprises silicon dioxide, silicon nitride, or silicon 

oxynitride. 

69. The method of claim 62, wherein the semiconductor substrate comprises monocrystalline silicon, silicon 
germanium, or gallium arsenide. 

70. The method of claim 62, wherein the metal contamination comprises copper. 

71. The method of claim 62, wherein the metal contamination comprises iron, chromium, cobalt, or aluminum. 

72. A computer-implemented method for controlling a system configured to determine a characteristic of metal 
contamination in a semiconductor, topography, comprising: 

controlling the system to anneal the semiconductor topography and to measure at least one 
electrical property of the semiconductor topography; and 

determining the characteristic of the metal contamination in the semiconductor topography, 
wherein the characteristic of the metal contamination is a function of the measured electrical 
property of the semiconductor topography. 

73. The method of claim 72, wherein the semiconductor topography comprises a semiconductor substrate. 

74. The method of claim 72, wherein the semiconductor topography comprises a dielectric material disposed 
upon a semiconductor substrate. 

75. The method of claim 72, wherein controlling the system to anneal the semiconductor topography comprises 
controlling the system to heat the semiconductor topography to an anneal temperature of less than approximately 
1100 °c. 
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76. The method of claim 72, wherein the semiconductor topography comprises a semiconductor substrate, and 
wherein controlling the system to anneal the semiconductor topography is effective to drive the metal contamination 
into the semiconductor substrate. 

5 77. The method of claim 72, wherein the semiconductor topography comprises a dielectric material disposed 
upon a semiconductor substrate, and wherein controlling the system to anneal the semiconductor topography is 
effective to drive the metal contamination into the dielectric material. 

78. The method of claim 72, wherein the system comprises a non-contact corona charging device, and wherein 
10 controlling the system comprises controlling the device to deposit a charge on an upper surface of the semiconductor 

topography. 

79. The method of claim 72, wherein the system comprises a non-contact corona charging device, and wherein 
controlling the system comprises controlling the device to deposit a charge on predetermined regions of the 

1 5 semiconductor topography. 

80. The method of claim 72, wherein the system comprises a non-contact corona charging device, and wherein 
controlling the system comprises controlling the device to deposit a charge on a portion of the semiconductor 
topography or on substantially the entire semiconductor topography. 

20 

81. The method of claim 72, wherein the system comprises a non-contact work function sensor, and wherein 
controlling the system to measure the electrical property of the semiconductor topography comprises controlling the 
sensor. 

25 82. The method of claim 72, wherein the system comprises a movable chuck, and wherein controlling the 
system comprises controlling the movable chuck to alter a position of the semiconductor topography under a non- 
contact corona charging device. 

83. The method of claim 72, wherein the system further comprises a robotic wafer handler, and wherein 
30 controlling the system comprises controlling the robotic wafer handler to move the semiconductor topography. 

84. The method of claim 72, wherein the system further comprises a pre-aligner, and wherein controlling the 
system comprises controlling the pre-aligner to alter a position of the semiconductor topography. 

35 85. The method of claim 72, wherein the system further comprises a cooling device, wherein controlling the 
system comprises controlling the cooling device to reduce a temperature of the semiconductor topography 
subsequent to annealing the semiconductor topography. 

86. The method of claim 72, wherein the electrical property of the semiconductor topography comprises a 
40 tunneling voltage. 
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87. The method of claim 72, wherein the electrical property of the semiconductor topography comprises a 
surface voltage. 

88. The method of claim 72, wherein the electrical property of the semiconductor topography comprises a 
surface voltage, and wherein the surface voltage is a function of time. 

89. The method of claim 72, wherein the electrical property of the semiconductor topography comprises a 
surface photo-voltage of the semiconductor topography, and wherein the system further comprises an illumination 
system and a movable chuck, and wherein controlling the system comprises controlling the iUumination system to 
dn-ect a pulse of light toward the semiconductor substrate and controlling the movable chuck to alter a position of 
the semiconductor topography under the illumination system. 

90. A system comprising: 

a system configured to determine a characteristic of metal contamination in a semiconductor 
topography; 

a controller computer coupled to the system; and 

controller software executable on the controller computer, wherein the controller software is 
operable to implement a method for controlling the system, the method comprising: 

controlling the system to anneal the semiconductor topography and to measure at least 
one electrical property of the semiconductor topography; and 

determining a characteristic of the metal contamination in the semiconductor topography, 
wherein the characteristic of the metal contamination is a function of the measured 
electrical property of the semiconductor topography. 

91. The system of claim 90, wherein the semiconductor topography comprises a semiconductor substrate. . 

92. The system of claim 90, wherein the semiconductor topography comprises a dielectric material disposed 
upon a semiconductor substrate. 

30 

93. The system of claim 90, wherein controlling the system to anneal the semiconductor topography comprises 
controlling the syst em to heat the semiconductor topography to an anneal temperature of less than approximately 
1100 °c. 

35 94. The system of claim 90, wherein the semiconductor topography comprises a semiconductor substrate, and 
wherem controlling the system to anneal the semiconductor topography is effective to drive the metal contamination 
into the semiconductor substrate. 

95. The system of claim 90, wherein the semiconductor topography comprises a dtelectric material disposed - 
40 upon a semiconductor substrate, and wherein controlling the system to anneal the semiconductor topography is 
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96. The system of claim 90, wherein the system comprises a non-contact corona charging device, and wherein 
controlling the system comprises controlling the device to deposit a charge on an upper surface of the semiconductor 

5 topography. 

97. The system of claim 90, wherein the system comprises a non-contact corona charging device, and wherein 
controlling the system comprises controlling the device to deposit a charge on predetermined regions of the 
semiconductor topography. 

10 

98. The system of claim 90, wherein the system comprises a non-contact corona charging device, and wherein 
controlling the system comprises controlling the device to deposit a charge on a portion of the semiconductor 
topography or on substantially the entire semiconductor topography. 

15 99. The system of claim 90, wherein the system comprises a non-contact work function sensor, and wherein 
controlling the system to measure the electrical property of the semiconductor topography comprises controlling the 
sensor. 

100. The system of claim 90, wherein the system comprises a movable chuck, and wherein controlling the 
20 system comprises controlling the movable chuck to alter a position of the semiconductor topography under a non- 
contact corona charging device. 

101. The system of claim 90, wherein the system further comprises a robotic wafer handler, and wherein 
controlling the system comprises controlling the robotic wafer handler to move the semiconductor topography. 

25 

102. The system of claim 90, wherein the system further comprises a pre-aligner, and wherein controlling the 
system comprises controlling the pre-aligner to alter a position of the semiconductor topography. 

103. The system of claim 90, wherein the system further comprises a cooling device, wherein controlling the 
30 system comprises controlling the cooling device to reduce a temperature of the semiconductor topography 

subsequent to annealing the semiconductor topography. 

104. The system of claim 90, wherein the electrical property of the semiconductor topography comprises a 
tunneling voltage. 

35 

105. The system of claim 90, wherein the electrical property of the semiconductor topography comprises a 
surface voltage. 

106. The system of claim 90, wherein the electrical property of the semiconductor "topography comprises a 
40 surface voltage, and wherein the surface voltage is a function of time. 
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107. The system of claim 90, wherein the electrical property of the semiconductor topography comprises a 
surface photo-voltage of the semiconductor topography, wherein the system further comprises an illumination 
system and a movable chuck, and wherein the controlling the system comprises controlling the iUumination system 
to dtrect a pulse of light toward the semiconductor substrate and controlling the movable chuck to alter a position of 
the seimconductor topography under the illumination system. 

108. A carrier medium comprising program instructions, wherein the program instructions are computer- 
executable to implement a method for controlling a system, and wherein the method comprises: 

controlling the system to anneal a semiconductor topography and to measure at least one electrical 
property of the semiconductor topography; and 

determining a characteristic of metal contamination in the semiconductor topography, wherein the 
characteristic of the metal contamination is a function of the measured electrical property of the 

semiconductor topography. 

109. The carrier medium of claim 108, wherein the semiconductor topography comprises a semiconductor 

substrate. 

1 10. The carrier medium of claim 108, wherein the semiconductor topography comprises a dielectric material 

20 disposed upon a semiconductor substrate. 

HI. The carrier medium of claim 108, wherein controlling the system to anneal the semiconductor topography 
comprises controlling the system to heat the semiconductor topography to an anneal temperature of less than 
approximately 1100 °C. 

25 

112. The carrier medium of claim 108, wherein the semiconductor topography comprises a semiconductor 
substrate, and wherein controlling the system to anneal the semiconductor topography is effective to drive the metal 
contamination into the semiconductor substrate. 

30 113. The carrier medium of claim 108, wherein the semiconductor topography comprises a dielectric materia, 
d.sposed upon a semiconductor substrate, and wherein controHing the system to anneal the semiconductor 
topography is effective to drive the metal contamination into the dielectric material. 

114. The carrier medium of claim 108, wherein the system comprises a non-contact corona charging device, and 
35 wherein controlling the system comprises controlling the device to deposit a charge on an upper surface of the 
semiconductor topography. 



115. 



The carrier medium of claim 108, wherein the system comprises a non-contact corona charging device and 
wherein controlling the system comprises controlling the device to deposit a charged pfedetermined regions of the 
40 semiconductor topography. 
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116. The carrier medium of claim 108, wherein the system comprises a non-contact corona charging device, and 
wherein controlling the system comprises controlling the device to deposit a charge on a portion of the 
semiconductor topography or on substantially the entire semiconductor topography. 

5 

117. The carrier medium of claim 108, wherein the system comprises a non-contact work function sensor, and 
wherein controlling the system to measure the electrical property of the semiconductor topography comprises 
controlling the sensor. 

10 1 18. The carrier medium of claim 108, wherein the system comprises a movable chuck, and wherein controlling 
the system comprises controlling the movable chuck to alter a position of the semiconductor topography under a 
non-contact corona charging device. 

119. The carrier medium of claim 108, wherein the system further comprises a robotic wafer handler, and 
15 wherein controlling the system comprises controlling the robotic wafer handler to move the semiconductor 

topography. 

120. The carrier medium of claim 108, wherein the system further comprises a pre-aligner, and wherein 
controlling the system comprises controlling the pre-aligner to alter a position of the semiconductor topography. 

20 

121. The carrier medium of claim 108, wherein the system further comprises a cooling device, wherein 
controlling the system comprises controlling the cooling device to reduce a temperature of the semiconductor 
topography subsequent to annealing the semiconductor topography. 

25 122. The carrier medium of claim 108, wherein the electrical property of the semiconductor topography 
comprises a tunneling voltage. 

123. The carrier medium of claim 108, wherein the electrical property of the semiconductor topography 
comprises a surface voltage. 

30 

124. The carrier medium of claim 108, wherein the electrical property of the semiconductor topography 
comprises a surface voltage, and wherein the surface voltage is a function of time. 

125. The carrier medium of claim 108, wherein the electrical property of the semiconductor topography 
35 comprises a surface photo-voltage of the semiconductor topography, wherein the system further comprises an 

illumination system and a movable chuck, and wherein the controlling the system comprises controlling the 
illumination system to direct a pulse of light toward the semiconductor substrate and controlling the movable chuck 
to alter a position of the semiconductor topography under the illumination system. 
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126. A method for detecting metal contamination in a dielectric material disposed upon a semiconductor 
substrate, comprising: 

annealing the semiconductor substrate, wherein annealing the semiconductor substrate is effective to drive 
the metal contamination into the dielectric material; 
measuring a tunneling voltage of the dielectric material; and 

determining a characteristic of the metal contamination in the dielectric material, wherein the characteristic 
is a function of the measured tunneling voltage. 

127. The method of claim 126, wherein the annealed dielectric material is substantially free of damage. 

128. The method of claim 126, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature, and wherein the metal contamination comprises one type of 
metal contamination. - 

129. The method of claim 126, wherein the metal contamination comprises at least two types of metal 
contamination. 

130. The method of claim 126, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature of less than approximately 1 100 °C. 

131. The method of claim 126, wherein the metal" contamination comprises copper, and wherein annealing the 
semiconductor substrate comprises heating the semiconductor substrate to an annealing temperature of 
approximately 350 °C to approximately 500 °C. 

132. The method of claim 126, wherein the metal contamination comprises copper, wherein annealing the 
semiconductor substrate comprises heating the semiconductor substrate for a period of time, and wherein the period 
of time comprises approximately one minute to approximately thirty minutes. 



133. The method of claim 126, wherein measuring the tunneling voltage comprises depositing a charge 
upper surface of the dielectric material, and wherein depositing the charge comprises using a non-contact 
charging technique. 



on an 
corona 



on an 



134. The method of claim 126, wherein measuring the tunneling voltage comprises depositing a charge , 
upper surface of the dielectric material, and wherein the deposited charge comprises approximately lxlO" 6 C/cm 2 to 
approximately lxlO" 4 C/cm 2 for positive tunneling voltage. 



on an 



135. The method of claim 126, wherein measuring the tunneling voltage comprises depositing a charge 
upper surface of the dielectric material, and wherein the deposited charge comprises approximately -lxlO" 6 C/cm 2 to 
approximately -lxlO -4 C/cm 2 for negative tunneling voltage. - 
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136. The method of claim 126, wherein measuring the tunneling voltage comprises: 
depositing a charge on an upper surface of the dielectric material; 

waiting for a predetermined period of time after depositing a charge on an upper surface of the dielectric 
material; and 
5 determining the tunneling voltage. 

137. The method of claim 126, wherein measuring the tunneling voltage comprises depositing a charge on an 
upper surface of the dielectric material, and wherein depositing a charge on an upper surface of the dielectric 
material comprises depositing the charge on predetermined regions of the upper surface of the dielectric material. 

10 

138. The method of claim 126, wherein measuring the tunneling voltage comprises depositing a charge on an 
upper surface of the dielectric material, and wherein depositing the charge on the upper surface of the dielectric 
material comprises depositing the charge on a portion of the upper surface or on substantially the entire upper 
surface. 

15 

139. The method of claim 126, wherein measuring the tunneling voltage of the dielectric material comprises 
using a non-contact work function measurement technique. 

140. The method of claim 126, further comprising comparing the tunneling voltage of the dielectric material to a 
20 tunneling voltage of a reference dielectric material, wherein the reference dielectric material is substantially free of 

metal contamination. 

141. The method of claim 126, further comprising comparing the tunneling voltage of the dielectric material to a 
tunneling voltage of a reference dielectric material, wherein the reference dielectric material comprises a 

25 predetermined level of at least one type of metal contamination, and wherein at least the one type of metal 
contamination is predetermined. 

142. The method of claim 126, further comprising determining a tunneling field of the dielectric material, 
wherein the tunneling field is a function of the tunneling voltage, the method further comprising comparing the 

30 tunneling field of the dielectric material to a tunneling field of a reference dielectric material, wherein the reference 
dielectric material is substantially free of contamination. 

143. The method of claim 126, further comprising determining a tunneling field of the dielectric material, 
wherein the tunneling field is a function of the tunneling voltage, the method further comprising comparing the 

35 tunneling field of the dielectric material to a tunneling field of a reference dielectric material, wherein the reference 
dielectric material comprises a predetermined level of at least one type of metal contamination, and wherein at least 
the one type of metal contamination is predetermined. 
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144. - The method of claim 126, wherein determining a characteristic of the metal contamination in the dielectric 
material comprises comparing the tunneling voltage of the dielectric material to a tunneling voltage of a reference 

dielectric material. 

145. The method of claim 126, further comprising determining a tunneling field of the dielectric material, 
wherein the tunneling field is a function of the tunneling voltage. 

146. The method of claim 126, further comprising determining a tunneling field of the dielectric material, 
wherein determining the tunneling field comprises subtracting a tunneling voltage of a reference dielectric material 
from the tunneling voltage of the dielectric material. 

147. The method of claim 126, wherein the characteristic of the metal contamination further comprises a 
function of a temperature of the annealing of the semiconductor substrate. 

148. The method of claim 126, wherein the characteristic of the metal contamination further comprises a 
function of an amount of the deposited charge. 

149. The method of claim 126, wherein determining the characteristic of the metal contamination in the 
dielectric material comprises deterniining a characteristic of at least two types of metal contamination in the 
dielectric material. 

150. The method of claim 126, wherein determining a characteristic of the metal contamination in the dielectric 
material comprises detenmning a characteristic of at least one type of metal contamination in a portion of the 
dielectric material, and wherein the portion of the dielectric material comprises a locally contaminated region of the 
dielectric material. 

151. The method of claim 126, further comprising measuring the tunneling voltage of the dielectric material at 
more than one position on the semiconductor substrate, determining a tunneling field of the dielectric material at 
each measurement position, and deternming the characteristic of at least one type of metal contamination at each 
measurement position. 

152. The method of claim 151, further comprising generating a plot of the determined tunneling field as a 
function of measurement position. 

153. The method of claim 152, further comprising comparing the generated plot of the determined tunneling 
field as a function of measurement position to a plot of a predetermined tunneling field as a function of measurement 
position. 



154. The method of claim 153, wherein the predetermined tunneling field" is- representative of a range of 
acceptable levels of at least one type of metal contamination, and wherein the acceptable levels of the metal 
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contamination do not substantially hinder the performance of a semiconductor device formed on the semiconductor 
substrate. 



155. The method of claim 126, further comprising annealing the semiconductor substrate subsequent to 
5 depositing the charge on an upper surface of the semiconductor substrate. 

156. The method of claim 155, further comprising heating the semiconductor substrate to an annealing 
temperature of less than approximately 120 °C. 

10 157. The method of claim 155, further comprising heating the semiconductor substrate to an annealing 
temperature of less than approximately 120 wherein the metal contamination comprises copper, and wherein the 
dielectric material comprises silicon dioxide. 

158. The method of claim 126, further comprising generating electrical stress in the dielectric material and 
15 heating the semiconductor substrate subsequent to generating the electrical stress in the dielectric material. 

159. The method of claim 158, wherein generating electrical stress comprises using a non-contact corona 
charging technique, and wherein the electrical stress comprises approximately -1 x 10" 3 C/cm 2 to approximately +1 
xlO' 3 C/cm 2 . 

20 

160. The method of claim 158, wherein heating the semiconductor substrate comprises heating the 
semiconductor substrate to a temperature of approximately 50 °C to approximately 120 °C. 

161. The method of claim 158, wherein heating the semiconductor substrate comprises heating the 
25 semiconductor substrate for a period of time of approximately one minute to approximately thirty minutes. 



162. The method of claim 126, further comprising determining a presence of particulate contamination on the 
dielectric layer, wherein the presence of particulate contamination is a function of the measured tunneling voltage. 

30 163. The method of claim 162, further comprising flowing a gas across an upper surface of the dielectric 
material as a charge is deposited onto the dielectric material. 

164. The method of claim 163, wherein the gas has a moisture content, and wherein the moisture content of the 
gas is greater than a moisture content of air surrounding the semiconductor substrate. 

35 

1 65 . The method of claim 1 63, wherein the gas comprises ammonia. 

166. The method of claim 126, wherein the dielectric material comprises silicon dioxide, silicon nitride, or 
silicon oxynitride. - ~ 

40 

36 ■ ... 



WO 01/86698 • PCT/US01/15411 

167. The method of claim 126, wherein the semiconductor substrate comprises monocrystalline silicon, silicon 
germanium, or gallium arsenide. 

168. The method of claim 126, wherein the metal contamination comprises copper. 

169. The method of claim 126, wherein the metal contamination comprises iron, chromium, cobalt, or 
aluminum. 

170. The method of claim 126, further comprising comparing the tunneling voltage to a set of data, wherein the 
set of data comprises tunneling voltages associated with a characteristic of metal contamination. 

171. The method of claim 126, further comprising 

re-annealing the semiconductor substrate subsequent to measuring the tunneling voltage; and 
re-measuring the tunneling voltage of the dielectric material. 

172. A method for detecting metal contamination in a semiconductor substrate, comprising: 

annealing the semiconductor substrate, wherein annealing the semiconductor substrate is effective to drive 

the metal contamination into the semiconductor substrate; 

measuring a surface photo-voltage of the semiconductor substrate; and 

determining a characteristic of the metal contamination in the semiconductor substrate, wherein the 
characteristic of the metal contamination is a function of the measured surface photo-voltage. 

173. The method of claim 172, further comprising measuring a surface voltage of the semiconductor substrate 
prior to measuring the surface photo-voltage. 

174. The method of claim 173, wherein the characteristic of the metal contamination further comprises a 
function of the measured surface voltage. 

175. The method of claim 172, further comprising forming a dielectric material upon the semiconductor 
substrate prior to annealing the semiconductor substrate. 



176: The method of claim 172, wherein measuring the surface photo-voltage comprises depositing a charge on 
an upper surface of the dielectric material, directing a pulse of light toward the semiconductor substrate, and 
determining the surface photo- voltage. 

177. The method of claim 172, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature, and wherein the metal contamination comprises one type of 
metal contamination. 
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178. The method of claim 172, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature, and wherein the metal contamination comprises at least two 
types of metal contamination. * 

5 179. The method of claim 172, wherein annealing the semiconductor substrate comprises heating the 
semiconductor substrate to an annealing temperature of less than approximately 1100 °C. 

180. The method of claim 172, wherein the metal contamination comprises copper, wherein annealing the 
semiconductor substrate comprises heating the semiconductor substrate to an annealing temperature of 

10 approximately 350 °C to approximately 500 °C. 

181. The method of claim 172, wherein the metal contamination comprises copper, and wherein annealing the 
semiconductor substrate comprises heating the semiconductor substrate for a period of time, and wherein the period 
of time comprises approximately one minute to approximately thirty minutes. 

15 

182. The method of claim 172, further comprising rapidly cooling the semiconductor substrate subsequent to 
annealing the semiconductor substrate, wherein rapidly cooling the semiconductor substrate is effective to prevent 
diffusion of the metal contamination out of the semiconductor substrate. 

20 183. The method of claim 172, further comprising depositing a charge.on an upper surface of the semiconductor 
substrate using a non-contact corona charging technique. 

184. The method of claim 172, further comprising depositing a charge on an upper surface of the semiconductor 
substrate, wherein the deposited charge comprises approximately -lxlO" 4 C/cm 2 to approximately lxlO" 4 C/cm 2 , and 

25 wherein the deposited charge drives the semiconductor substrate to depletion. 

185. The method of claim 172, further comprising depositing a charge on predetermined regions of an upper 
surface of the semiconductor substrate. 

30 186. The method of claim 172, further comprising depositing a charge on a portion of an upper surface of the 
semiconductor substrate or on substantially an entire upper surface of the semiconductor substrate. 

187. The method of claim 172, further comprising directing a pulse of light toward the semiconductor substrate, 
wherein an intensity of the light generates a surface photo-voltage within approximately 90 % of a saturation value 

35 of the surface photo- voltage. 

188. The method of claim 172, further comprising comparing the surface photo-voltage of the semiconductor 
substrate to a surface photo- voltage of a reference semiconductor substrate, wherein the reference semiconductor 
substrate is substantially free of metal contamination. - - v 
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189. The method of claim 172, further comprising comparing the surface photo-voltage of the semiconductor 
substrate to a surface photo-voltage of a reference semiconductor substrate, wherein the reference semiconductor 
substrate comprises a predetermined level of a least one type of metal contamination, and wherein at least the one 
type of metal contamination is predetermined. 

190. The method of claim 189, further comprising determining a presence of at least one type of metal 
contamination in the semiconductor substrate. 

191. The method of claim 172, further comprising determining a bulk minority carrier lifetime of the 
semiconductor substrate, wherein the bulk minority carrier lifetime of the semiconductor substrate comprises a 
function of the surface photo-voltage, and wherein the characteristic further comprises a function of the determined 
bulk minority carrier lifetime. 

192. The method of claim 172, wherein measuring the surface photo-voltage of the semiconductor substrate 
comprises using a non-contact work function measurement technique. 

193. The method of claim 172, wherein the characteristic of the metal contamination in the semiconductor 
substrate is a function of an annealing temperature. 

194. The method of claim 172, wherein the characteristic of the metal contamination in the semiconductor 
substrate is a function of a corona field strength. 

195. The method of claim 172, wherein determining a characteristic of the metal contamination in the 
semiconductor substrate comprises determining a characteristic of at least two types of metal contamination in the 
semiconductor substrate. 

196. The method of claim 172, wherein determining a characteristic of the metal contamination in the 
semiconductor substrate comprises determining a level of the metal contamination in a portion of the semiconductor 
substrate, and wherein the portion of the semiconductor substrate comprises a locally contaminated region of the 
semiconductor substrate. 

197. The method of claim 172, further comprising measuring the surface photo-voltage of the semiconductor 
substrate at more than one position on the semiconductor substrate, detenmning the surface photo-voltage of the 
semiconductor substrate at each measurement position, and determining the characteristic of the metal 
contamination at each measurement position. 

198. The method of claim 197, further comprising generating a plot of the detennined surface photo-voltage as a 
function of measurement position. 
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199. The method of claim 198, further comprising comparing the generated plot of the determined surface 
photo-voltage as a function of measurement position to a plot of predetermined surface photo- voltage as a function 
of measurement position. 

5 200. The method of claim 199, wherein the predetermined surface photo- voltage is representative of a range of 
acceptable levels of at least one type of metal contamination, and wherein the acceptable levels of the metal 
contamination do not substantially hinder the performance of a semiconductor device formed on the semiconductor 
substrate. 

10 201. The method of claim 172, wherein the semiconductor substrate comprises monocrystalline silicon, silicon 
germanium, or gallium arsenide. 

202. The method of claim 172, wherein the metal contaminant comprises copper. 

15 203. The method of claim 172, wherein the metal contaminant comprises iron, chromium, cobalt, or aluminum. 

204. The method of claim 172, further comprising comparing the surface photo-voltage to a set of data, wherein 
the set of data comprises surface photo- voltages associated with a characteristic of the metal contamination. 

20 205. The method of claim 172, further comprising 

re-annealing the semiconductor substrate subsequent to measuring the electrical property; and 
re-measuring the electrical property of the dielectric material. 

206. A method for fabricating a semiconductor device, comprising: 
25 annealing a semiconductor topography; 

measuring at least one electrical property of the semiconductor topography; 

determining a characteristic of metal contamination in the semiconductor topography, wherein the 
characteristic of the metal contamination is a function of the measured electrical property; 
comparing the characteristic of the metal contamination in the semiconductor topography to a range of 
30 acceptable characteristics of the metal contamination; and 

forming the semiconductor device on the semiconductor topography, if the characteristic of the metal 
contamination is within the range of acceptable characteristics. 

207. The method of claim 206, wherein the semiconductor topography comprises a semiconductor substrate. 

35 

208. The method of claim 206, wherein the semiconductor topography comprises a dielectric material disposed 
upon a semiconductor substrate. 
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210. The method of claim 206, wherein annealing the semiconductor topography comprises heating the 
semiconductor topography to an annealing temperature, and wherein the metal contamination comprises one type of 
metal contamination. 

211. The method of claim 206, wherein the metal contamination comprises at least two types of metal 

contamination. 

212. The method of claim 206, wherein annealing the semiconductor topography comprises heating the 
semiconductor topography to an annealing temperature of less than approximately 1 100 °C. 

213. The method of claim 206, wherein the metal contamination comprises copper, and wherein annealing the 
semiconductor topography comprises heating the semiconductor topography to an annealing temperature of 
approximately 350 °C to approximately 500 °C. 

15 214. The method of claim 206, wherein the metal contamination comprises copper, wherein annealing the 
semiconductor topography comprises heating the semiconductor topography for a period of time, and wherein the 
period of time comprises approximately one minute to approximately thirty minutes. 

215. The method of claim 206, wherein measuring the electrical property Comprises depositing a charge on an 
upper surface of the semiconductor topography, and wherein depositing the charge comprises using a non-contact 

corona charging technique. 

216. The method of claim 206, wherein measuring the electrical property comprises depositing a charge on an 
upper surface of the semiconductor topography, and wherein depositing a charge on the upper surface of the 
semiconductor topography comprises depositing the charge on predetermined regions of the upper surface of the 

semiconductor topography. 

217. The method of claim 206, wherein measuring the electrical property comprises depositing a charge on an 
upper surface of the semiconductor topography, and wherein depositing the charge on the upper surface of the 
semiconductor topography comprises depositing the charge on a portion of the upper surface or on substantially the 
entire upper surface. 

218. The method of claim 206, wherein measuring the electrical property of the semiconductor topography 
comprises using a non-contact work function measurement technique. 

219. The method of claim 206, further comprising comparing the electrical property of the semiconductor 
topography to an electrical property of a reference semiconductor topography, wherein the reference dielectric 
material is substantially free of metal contamination. 
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220. The method of claim 206, further comprising comparing the electrical property of the semiconductor 
topography to an electrical property of a reference semiconductor topography, wherein the reference semiconductor 
topography comprises a predetermined level of at least one type of metal contamination, and wherein at least the one 
type of metal contamination is predetermined. 

221. The method of claim 220, further comprising determining a presence of at least one type of metal 
contamination in the semiconductor topography. 

222. The method of claim 206, wherein the electrical property of the semiconductor topography comprises a 
tunneling voltage. 

223. The method of claim 206, wherein the electrical property of the semiconductor topography comprises a 
surface voltage. 

224. The method of claim 206, wherein the electrical property of the semiconductor topography comprises a 
surface voltage, and wherein the surface voltage is a function of time. 

225. The method of claim 206, further comprising directing a pulse of light toward the semiconductor 
topography prior to measuring the electrical property, and wherein the electrical property of the semiconductor 
topography comprises a surface photo- voltage. 

226. The method of claim 206, wherein the characteristic of the metal contamination is a function of a 
temperature of annealing the semiconductor topography. 

227. The method of claim 206, wherein the characteristic of the metal contamination is a function of an amount 
of the deposited charge. 

228. The method of claim 206, ^herein determining the characteristic of the metal contamination in the 
semiconductor topography comprises determining a characteristic of at least two types of metal contamination in the 
semiconductor topography. 

229. The method of claim 206, wherein determining a characteristic of the metal contamination in the 
semiconductor topography comprises determining a characteristic of at least one type of metal contamination in a 
portion of the semiconductor topography, and wherein the portion of the semiconductor topography comprises a 
locally contaminated region of the semiconductor topography. 

230. The method of claim 206, further comprising measuring the electrical property of the semiconductor 
topography at more than one position on the semiconductor topography, and determining the characteristic of at 
least one type of metal contamination at each measurement position. 
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The method of claim 230, farther comprising generating a plot of the measured electrical property 



as a 



function of measurement position. 



232. The method of claim 231, further comprising comparing the generated plot of the measured electrical 
property as a function of measurement position to a plot of a predetermined electrical property as a function of 
measurement position. 

233. The method of claim 232, wherein the predetermined electrical property is representative of a range of 
acceptable levels of at least one type of metal contamination, and wherein the acceptable levels of the metal 
contamination do not substantially hinder the performance of a semiconductor device formed on the semiconductor 
topography. 

234. The method of claim 206, wherein the semiconductor topography comprises a dielectric material disposed 
upon the semiconductor substrate, and wherein the dielectric material comprises silicon dioxide, silicon nitride, or 
silicon oxynitride. 

235. The method of claim 206, wherein the semiconductor topography comprises a semiconductor substrate, and 
wherein the semiconductor substrate comprises monocrystalline silicon, silicon germanium, or gallium arsenide. 

236. The method of claim 206, wherein the metal contamination comprises copper. 

237. The method of claim 206, wherein the metal contamination comprises iron, chromium, cobalt, or 
aluminum. 

238. The method of claim 206, further comprising comparing the electrical property to a set of data, wherein the 
set of data comprises electrical properties associated with a characteristic of metal contamination. 

239. The method of claim 206, further comprising 

re-annealing the semiconductor topography subsequent to measuring the electrical property; and 
re-measuring the electrical property of the semiconductor topography. 

240. The method of claim 206, wherein the range of acceptable characteristics of the metal contamination in the 
semiconductor topography comprises levels of the metal contamination which may not substantially hinder the 
performance of a semiconductor device, and wherein the semiconductor device is formed on the semiconductor 
topography. 
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